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Mark F. Abel, M.D.

The mgor reasons why clinicians have questioned the utility of motion andysisisthat it requires
the acquisition of new knowledge related to gait mechanics. When the MRI was introduced for
musculoskeleta imaging, clinicians were resstant to learn the technology because it did not offer
anything over CT scans. However, it is now been accepted as avitd part of diagnogtic imaging.
Similarly, with motion analysis, a new technology must be learned. Although many people teke
care of children with cerebrd padsy, only aminority understand how to read gait data.

However, | fed it isan important part of following the progress of people that have
neuromuscular conditions. Establishment of a standard format and education of cliniciansis
clearly needed.

Ancther glaring problem which undermines the use of these |aboratories isthet vaidity of the
ingruments hes not been clearly established. Multiple variaoles including tempord, kinematic,
and kinetic can be measured and we are only beginning to gppreciate the variability of these
measures.

In summary, gait laboratories should have an important role in both basic and clinical medicine.
Once the rdiahility of the measures have been established, characterization of clinica conditions
affecting motor control and following progress of these conditions should be possible and best
achieved usng mation andyss. Collaboration between laboratories, | believe, is extremey
important not only to answer the questions of variability but dso to expand into the arena of
outcome assessment.
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Gordon J. Alderink, MS, P.T.

The Center for Human Kinetic Studies (CHKS) was established through the joint efforts of
Grand Vdley State Univerdity and Mary Free Bed Hospital & Rehabilitation center in 1992.
The primary objective of thelab isto provide a service to the orthopedic and rehabilitation
physciansin Western and Northern Michigan to aid in their treatment decision processes by
providing objective, reliable data related to gait and other movement dysfunctions. The CHKS
is dso committed to clinica research, which is carried out by lab saff and Grand Valey Sate
University physica therapy faculty and graduate sudents. Our staff have been involved with the
clinicd mation andys's community by attending nationdly held clinica gait conferences, Saying
abreast of the many critical issues that are impacting clinical motion andysis, and by being
involved in activities related to standardization of motion analyss laboratories. We are pleased
with our development to this point, but are concerned about severa issues, including: 1)
Reimbursement and lack of specific CPT or other payment codes for computerized gait analysis
(CGA); 2) Inadequate understanding of how CGA can or should be used by rehabilitation
soecidigs, 3) Under utilization by orthopaedists and rehabilitation specidigts (both physicians
and therapigts); 4) Lack of universal acceptance of CGA asavalid and reliable clinica tool
(many insurance companies consder CGA as experimentd or research); and 5) How CGA
may be utilized in an environment increasingly dominated by managed care,

Through the insight and work of Simon, Sutherland, Perry, and Gage (and many others) CGA
has been used for clinica decison-making for approximately 20 years. Asaresult CGA has
become the standard of care whereitisavailadble. CGA has made it possible for cliniciansto
make more precise trestment decisons (with more confidence) and measure their outcomes
accurately and reliably. Outcome studies using CGA have made it possible for surgeonsto
improve their treetment decisons. For example, rectus femoris lengthening for the child with
gpadtic diplegia has been replaced by atransfer technique, partly because of the information that
CGA was able to provide. Although the orthopaedists have benefited from CGA, it seems that
rehabilitation speciaists have not taken advantage of this technology for the trestment of stroke,
traumatic brain injury and amputation. CGA  has had amgor impact in the management of
certain patients and has been shown to be cost effective, reliable and objective, but there are
severd issues that need to be addressed: 1) With the proliferation of new motion andysis
laboratories standardized procedures need to be established; with standardized procedures the
congstency of datawill be improved and payers will more likely accept CGA as sandard care
(not experimenta); 2) Rehabilitation specidists (physicians and physical thergpists) and payers
(private and public need to be educated on the benefits of CGA; 3) Specific CPT codes need
to be established for CGA; and 4) An accreditation process for motion andysis [aboratories
would aso hdp insure qudity of care.

Because CGA isnot readily available to everyone, observationa gait anadyss becomes avery
important clinical tool. Thistool has been used by rehabilitation specidigs for many years. Itis
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convenient, very cos effective and available to al. However, it may not be asvdid or rdigble
as CGA. | do not believe that thistoal is being used consistently and with standardized
procedures by those in rehabilitation medicine. At the CHKS we use observationd gait analyss
in conjunction with CGA and have adopted the terminology and procedures established by J.
Perry and Ranchos Los Amigos. | believe that their operationa definitions and procedures are
precise and easy to gpply. Recently, researchers at Rancho studied and reported on the vaidity
of objective observationd gait andys's, usng CGA asthe standard for comparison. Thelr
results were reasonably good. Since observationa gait analysis will probably not be replaced
by CGA | believe that better standardization of those procedures need to be established.

Recommendations:

1) Educate the rehabilitation community on the utilization of CGA.

2) Edtablish standards of care regarding the use of CGA.

3) Educate payors (private or public) on the use of CGA.

4) Establish payment codes that are specific to CGA.

5) Examine how CGA will be utilized in a management care environment, where cost
containment and efficacy will be the gods.

6) Continue basic and clinical research using computerized biomechanicd anadyssto andyze
how it can be used to cost effectively enhance the practice of orthopaedic and rehabilitation
specidids.

7) Establish the vdidity and religbility of observationd gait andysis and standardize those
procedures to enhance the clinica practice of those who do not have CGA.
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Sherry |. Backus, M. A, P.T.

Gait andyss hasincreased not only in the scope of the types of patient being referred for gait
andyses, but dso in the availability of the technology to perform these tests and the nature of the
inferences/recommendations being drawn from these tests. There are severd issues related to
each of those three areas that need to be addressed to ensure consistent quality careis being
provided to people with disabilities.

1. Increased outcomesresearch. There has been agreater emphasisin dl areas of
rehabilitation to facilitate outcomes based research. This shift has only just begun to
occur inthe gait andysis literature. The mgority of the literature that relates gait andlysis
to outcomes research isin the CP patient population, and even in this population, there
aregainsto be made. In addition, there are few outcome studies in other patient
population groups. The effectiveness and judtification of this costly evauative technique
must be determining and quantifying the pre- operative/pre-treatment characteristics
(kinemétics, kinetics) that influence post- operative/post-treatment function and
outcomes. It isnot smply sufficient to document an increase in knee flexion angle by 20
degrees, the functiona benefits need to be documented also.

2. Expanded applicability to a variety of disabilities. The use of gait andyssinthe CP
patient population forms the basis for many clinica and research gait laboratories.
However, the role of clinical gait andysisin persons with other neurologic, orthopaedic
and baance dysfunctionsis poorly documented. Certainly gait abnormalities have been
described in avariety of conditions, but the practical implications and ramifications for
treatment and surgica sdlection have not been documented. While thisrelaesin part to
outcomes research, it dso relaes to alack of knowledge of how the information gained
from gait analys's can be gpplied to recommendations and treatment suggestions. The
usefulness of gait andysisin the clinical setting needs to be better communicated to a
Sde variety of hedth professonds and patients. In addition, the limitations of gait
analysis need to be understood so that gppropriate referrals are made. X-raysarean
inefficient way to determine knee ligament ingtability, and Smilarly, gait andyss may not
be a cogt effective evauative tool for every diagnoss; these limitations need to be better
understood.

3. Sandardization. This has been atopic of sub-committees, task forces, vendors, and across
many inditutions. These discussions have highlighted the difficulties in slandardization of
measurement techniques, testing protocols, terminology, and reporting formats to name
afew areas. Theimplications for clinica gait andys's are gpparent as testing services
may be provided a one indtitution for a physiciav/dinician in another inditution. The
chdlengeisto dlow nat only multi-center research studies, but also interpretation of
clinical datathet is not ingtitution specific.
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In order to advance gait andyssin rehabilitation medicine, the following are recommended:
1. Development and funding for outcomes research across avariety of disabilities.

2. Increased awareness to hedlth care providers, third party payers, and patients as to the
benefits and limitations of gait and functional movement andyss. As providers, we must
be ascost aware as are the patients and payers, and as providers, we must continue to
document that those unique measurements made during gait analysis have some
meaningful relationship to trestment options and prognosis.

3. Continued improvements in sandardization across testing ingtitutions.

4. Incluson of dl fadilities providing gait and functional movement anayses in these processes.
Asthe amount of loca expertise and technology in afacility is varied, and the locations
(“oat laboratories” out-patient settings, private practitioners offices, etc.) where gait
anayses are performed expand, communication of advances and standards need to be
widdy disseminated.
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ClaireC. Bassile, Ed.D., P.T.

The research community is keenly aware of the ‘potentid’ impact that gait andyssinformation
can have on the trestment intervention for individuas with disability. This reaionship has been
established for determining the orthopedic surgica proceduresin children with cerebra pasy.
The gpplication of gait andydsin identification of impairment(s) aswell asinfluending
nonsurgica trestment interventions (i.e., physical thergpy) in other clinical populations has not
been investigated thoroughly. Lastly, the literature that is available on these issues has not been
widdly disseminated to the hedth professonds which rehabilitate individuas with gait
imparments. Therefore, | would urge federd funds be dlocated for sudies which:

1. Target avariety of clinicd populations and identify the relaionship of imparment(s) to
functiond limitation in gait.

2. Utilize gait andyssinformation in the deve opment of trestment implications for dinica
populations.

3. Seek to document the efficacy of a particular trestment intervention through the use of gait
andydsand identifies a what leve (pathology, imparment, functiona outcome) the
improvement is occurring.

4. |dentify gait andysistool(s) or methodology(ies) which provide the most
appropriate/sengtive measures for the clinical populations investigated.

5. ldentify the appropriate/sensitive measuresin aclinica population under investigation which
may predict functiond outcome.

6. Follow dinicd populations longitudinaly and seek to distinguish pladticity of the CNSvs.
Compensation in recovery of gait function, critical periods of opportunity for pladticity of the
CNS post injury and treatment intervention choices.

7. Address avariety of locomotor functionsin clinical populations, not just overground
locomotion but transitions to locomotion, obstacle avoidance, speed changes in locomoation,
unlevel surface locomotion and locomotion patters other than 2 feet (e.g., power w/c, manud
w/c-one hand, one foot; two hands; one hand).

8. Utilize appropriate control groups from which to compare trestment efficacy. For example,
investigations into the efficacy of a particular physica thergpy treestment on the gait of individuads
post-stroke usualy reveds that the control group is receiving conventiona PT. In other words,
treatment with a theoretical framework based on the writings of Brunnstrum or the Bobaths.
Presently the motor learning framework is being advanced. These are not gppropriate control
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groups. The control group should be another group with equad time spent in conventiond
ambulaion training.

9. Look at the best ways to educate hedlth professionals and consumers regarding the merits of
gat andydgsfor different clinicd populations.
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John A. Buford, P.T., Ph.D.

There are three basic issuesin dinicd gait anadlyss. Fird isthe depth and qudity of the andyses,
second is the selection and optima presentation of results pertinent to the management of the
case a hand, and third is the definition of indications for the anayses and incorporation of the
resultsinto the clinical decison-making process. Thesethree arelinked. For example, if the
god isto decide between two possible canes, observationa gait analyss combined with a
stopwatch and a metered walkway may be adequate. Thus, the qudity of the data need not be
extravagant, the clinica decision making process would be straightforward, and the cost of an
error would probably be smdl. On the other hand, if the objective isto decide whether a
hydraulic or afriction kneein a A/K prosthesis resultsin lower shear forces in the skin of the
resdual limb, then a more sophisticated andysi's may be indicated and the cost of an error could
potentidly be large.

Our centrd task isto identify branch pointsin the clinical decision-making process where
dternaives may dgnificantly affect functiond outcome depending on how well the treetment of
the identified gait deficit matches the appropriate response for the actud gait deficit. In other
words, if the clinica observation led to an improper identification of the deficit, but some form of
gat analyss (however smple or sophisticated) would have led to proper identification of the
deficit, and the cost of gpplying the ‘wrong solution’ was sgnificant in terms of the functiond
ability of the patient, then there is a problem that gait andysis can solve. Finding these critical
branch pointsin the path of the clinician and showing how we can be helpful should be our first
misson. In support of that mission, we need effective communication of results from rdliable
anayses.

Magor Recommendations

1) Identify branch-pointsin the clinica decison making process where gait andysis would
change the decision, the resulting trestment, and the functiona outcome of the patient.
Determine diagnosis (disability) specific indications for gait andys's and weight costs againgt
benefits. Egtablish high-priority for research dong these lines.

2) Achieve consensus for the reporting format of results of gait analyss through debeate of issues
and establishment of a process for selecting and maintaining sandards.  Limit participants to the
clinicd gait andyss community o that we, the most important consumers of the information, get
what we want.

3) Achieve consensus for the stlandard accuracy requirements for gait andys's through debate of
issues and establishment of a process for sdlecting and maintaining standards. Include
participants from industry, end-users (gait laboratories), professona societies, and other stake
holders.
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Minor Recommendations

1) Kinetic analyses should be three-dimensond and should aways include the influences of
inter-segmenta dynamics. Currently available software makes this sraightforward. The old
judtification of expensive computer time and limited data storage space no long gpplies. Thefull
andysis can provide critica detailsin rgpid parts of the cycle (e.g., pre-swing, swing or running).

2) The scope of “gait labs’ must be expanded to include “motion andyss™ in amore generic
sense. Research dong the lines of Mgor Recommendation 1 should be a priority to seeif and
how we can help, for example, in the management of upper extremity movement disorders and
other problems aside from gait.

The Future of Gait Analyss Appendix A-11



Carmen L.N. de Castro and Licia Saadi, M.D., Msc

Our suggestions for future work and development:

1 - Hardwar e and softwar e advancements

a) Visudization sysems - linking objective data with subjective observations through the use of
representations data upon video recording.

b) Red time operation - to reduce the data time el aboration, to improve the accuracy and
permit the use in clinica Stuations that requires fast comparison of information like orthosis and
prosthess dignments.

¢) Crestion of dedicated software to evauate the equipment precision - to evauate the
cdibration’s effectively during al homogenous acquisitions.

d) Development of analysis of another relevant locomotor tasks - like stair ascent or descents,
rigng from achair.

€) Crestion of dedicated software to assess |locomotor function for specific goplications - joining
gride, kinematics, kinetics, and muscular function measurements with evauation of postura
geadiness and energy consumption that can indicate the disability in severd clinica conditions:
stroke, fal prevention in geriatrics, Parkinson’s disease, amputees, cerebra pasy, etc.

2 - Co-oper ation between gait centers

a) To share experience and expertise and greater dialogue between the centers and clinical
community - in order to develop clear reasonable objectives would be particularly beneficid.

b) Determination of guiddinesin methodology of the severd equipments for movements andys's
to dinical use - including data normaization, units standardization, form and method of data
presentation.

3 - Medical Education - education of medical specialists about:

a) Indication of instrumentation requirements as better diagnostic tool in specific pathologica
groups - for example: the quantification of pressure digtribution under the diabetic foot requires
a baropodometer while the orthoses and prostheses proper alignment evauation requires the
measurement of force vectors by aforce plate. A correct interpretation of €lectromyogram of a
cerebra palsy child requires afoot switch or camerarecording of joint kinematics.
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b) Indication of the best locomotor task to analyze specific pathologies - It seemsthat many
knee pathologies are better analyzed during stair ascent or descents and rising from achair can
dress the hip more than gait.
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D.S. Childress, Ph.D.

1. Language, nomenclature, and definitions continue to produce communication barriers that
impede progress toward clinica application of “gait andyss” Internationd standards
development, smilar to what happened with EKG andysis 50 or more years ago, will need to
come about.

2. Gait andyss equipment needs to belocated in clinica environments whereit is easily
accessible by clinicians who are looking for solutions to red problems.

3. Gait andysis laboratories need to be problem driven, not technology driven. Problem setting
needsto be clinicaly based. Gait andysis results need to answer questions related to redl
problems that cannot be answered in any other way.

4. Theissue of data overload must be addressed either by smpilification methods (data
reduction) or by development of better graphical display systems, etc.

5. A dgnificant proportion (say 20%) of the activitiesof clinica gait |aboratories needs to be
directed toward hypothess testing, not merely data gathering and andysis.

6. Visudization systems need to be developed that bring together subjective and objective
domains to assst with communication between clinicians, engineers, and scientigts and to assst
in the process of understanding.

7. Some “red-time regponse’ modalities need to be available for experimentation that is
response directed.

8. Modding and theory are not devel oped to the point that allow modes and theoretical
principles to be used to aid analys's, interpretation, instrument improvement, etc.

9. Simple, easy-to-use, low cogt, low maintenance systems--perhaps dedicated to specific
pathologies--have yet to be developed and should be considered.

10. It may be incorrect to base clinicd trestment decisons on akind of differentid diagnosis
that relies mainly on comparisons of pathologica gait data with so-called normd gait deta.
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Kim Coleman, M.S.

Thefidd of gait anadyssis chdlenged to prove itsworth. Because the work is dlill largely
descriptive, research laboratories often encounter greet difficulty securing funding in aclimate
which demands results clearly applicable to clinical and commercid endeavors. Clinica
laboratories work to move beyond description by gpplying technica andyses to medica and
rehabilitation interventions. But because there are afew widdy accepted standards for
trandating description into prescription, the gpproach to clinicd gait andyds varies consderably
across Sites.

In order to sgnificantly advance the application of gait anadyssto rehabilitation medicine, |
believe we must 1) strengthen the link between scientific investigations of gait and the clinica
goplication of results, and 2) assimilate the data and ingghts gained through the many Site-
specific gpproaches to clinical gait andysis and begin to build amore unified sandardized
approach. To accomplish this, the two main areas on which | think we ought to focus are the
development of standards and the dissemination of information.

Standards
A) Standardsfor the Reporting of Data from Academic and Clinical Research.

Because of the complexity of human gait, the subtle and interrdlated nature of its
deviations and adaptations, and the widdly varying methods of study and reporting, the field of
gait analyss has been dow to establish a comprehensive description of what we do know. The
results of amilar studies often do not agree, but even when they do, it can be very difficult to
determine how they fit with those rdated studies to broaden the overdl understanding of gait.

We are faced with the chdlenge of assmilating the vast amount of gait data available
into acomprehengve picture. Already organizations like the International Society of
Biomechanics, the CAMARC group, the Scolios's Society, and the Clinicad Gait Andysis
Group have begun to take steps in that direction by working to establish standards for the
reporting of data. The |SB’s Recommendations for Standardization in the Reporting of
Kinematic Data, which was published in the Journa of Biomechanicslast year and touched off a
Spirited debate in the fild, is one such effort. | believe we need to extend these efforts
throughout the field.

B) Standardsfor the Assessment of Function: the Link between gait andysisand clinica
intervention.

The dinicd identification of gait abnormdities through detailed laboratory testing and
andysis has become quite common. However, we are much less adept at assessing the
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consequence of agiven gat deviation to a patient’ s functiondity in higher life beyond the wdls
of the laboratory. The gait pattern employed by a person at any one time results from a
complex interaction of many factors such as skeletd structure, muscular strength, joint range of
moation, physicd pain, leve of fatigue, and emotiona state. Consequently, it is often tricky
business to determine whether an observed gait dbnormdity is abeneficid or detrimenta
adaptation. To complement the descriptive capabilities of [aboratory gait anadyss, we need
tools which reach outsde of the laboratory and into the patient’'s norma daily environment to
give feedback on what the patient is actualy able and choosing to do. In other words, we need
agenerd, widdy accessible means of measuring red world functiondity which will provide the
framework from within which specific measures of gait character can be interpreted for the
purposes of prescribing and guiding trestment , and assessing outcome.  The measures should
be smple and inexpensive to obtain, and straight-forward to interpret. They should reflect,
rather than be confounded by, day-to-day variability in actud gat functiondity. Fndly, they
should be understood to represent a gross overview somewhét like age, height, weight and
blood pressure do in generd medicine.

To effect thislink between gait laboratory testing and the clinica application of results, |
believe we ought to take the following steps:

1. Egablish standard definitions of red world ambulatory functiondity. These might be asmilar
to the Medicare functiond level classfications set forth in the 1994 DMERC Policy for
Lower Limb Prosthetics, but based on more measurable parameters.

2. Seek/deveop practical, widely accessible “ overview” measures of real world gait
functiondity based on the established definitions. Some factors | would like to see
consdered in the definition and measurement of red world functiond levelsinclude:

-the ability to perform high intengty burdts of activity
-the ability to sustain given levels of activity

-the ability to maintain mobility after periods of activity
-the ability to negotiate obstacles and varied terrain
-the spontaneous/deliberate quality of activity

-the overdl amount of activity performed.

3. Vdidate the overview measures with respect to their ability to provide:
a meaningful, sandardized assessments of functiond status.
b. reference for guiding the interpretation of more detailed gait laboratory
teding.
c. dandardized means of ng outcome.

Dissemination of Information

In conjunction with establishing sandards for the reporting of gait data and the
assessment of functiondity, | believe we ought to establish a digitd forum for the communication
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and assmilation of results from academic and clinica research world wide. The expansion of

I nternet/Web technol ogies has recently enabled rapid and widespread internationa
communication among researchers and diniciansin dl fields. Already, groups such asthe |SB
have established data bases for research results which can be accessed by members over the
Web. | beieve we arein need of aclinicaly-oriented data base through which gait andyss data
can be reported, evaluated, assmilated with other clinically-relevant data, and accessed
effidently.
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Rory Cooper, Ph.D.

Gait anadysi's has been used to describe locomotion of people for years. A vast mgority of the
gait analysis research has focused on the lower extremities. Some work addresses locomotion
of unimpaired individuas, other work on athletes, and still other work on people with various
physcd imparments. The trend for the future is towards greater study to understand, prevent,
and treet injuries. Although, work in sportsis|likely to continue. Human gait andysisis
traditiondly defined as the study of bi-peda locomotion with the lower extremities. Within this
definition, gait udies have included ambulation with prostheses, ambulation with orthoses, and
ambulation without assdtive devices. Gait research has been helpful in understanding walking
and running for people with and without various forms of impairments. Several conferences
have been held, and research priorities have been implemented. However, gait andyss needs
to take a broader view within rehabilitation.

Ambulation which is performed with the use of the upper extremities has not recelved adequate
atention. However, pushrim driven wheelchairs, arm propelled lever driven devices, am crank
driven devices, and eectric powered whed chairs are dl important forms of ambulation, which
require further research and development. Although these forms of mobility are not classicaly
defined as “gait,” they do exhibit digtinct patterns which are identifiable, and aterable.
Moreover, conservative and aggressive therapies have been developed to treat people with
disabilitieswho use their upper extremities for propulson without substantial biomedica

andyds. Studies have shown that a mgority of long-term manua whedlchar users develop
repetitive srain injuries. The progresson of RSl presents saverd complex clinical research
questions. Often, whedlchair users do not have the range of mobility options which are available
to people who can wak. Whedchairs are dso evolving, and quantitative studies are required to
determine their safety, efficacy, and proper fit. Gait research for upper extremity, wheded
locomotion can help to address RS, propulsion efficiency, postural support during propulsion,
and activities of dally living. This research will lead to better whedlchairs, and provide guidance
for dlinicd practice,

Pushrim propelled whed chairs are dowly being augmented by other means of manua wheded
mobility. Arm-crank and arm-lever drive whed chairs are becoming more popular as mobility
devices, recregtiona devices, and as exercise devices. Biomedica andyses of these devicesis
required to insure their safe and effective design. The devices offer substantial promise for
improving the heglth and well-being of many people with disghilities.

Research into this area could hel p reduce the incidence of RSl, and cardiovascular disease.
Electric powered wheechairs may not be thought of as gait, but the methods devel oped through

gait andyss can be gpplied to improve the mobility of people with arm impairments. Issues of
dynamic stability and postura control during electric powered whedlchair driving are gait
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questions. Pogitioning of input devices for optima control of the whedchair in avariety of
environments is al'so an important research problem. Another very pressng question for
researchers and clinicians is when to choose an eectric whedlchair over amanuad whedchar.
There are many clinical, socid, and persond, implications associated with this decision. Further
research isrequired to provide afoundation for selecting the gppropriate answer for each
individud.

Lower extremity gait anays's has made many important contributions. The definition of gait
among lower extremity researchers has been broadly defined. Within the context of
rehabilitation, aternative forms of mohility are of paramount importance. Gait analys's must
include andlysis of motion controlled by the upper extremities. The combined resources of the
lower extremity gait researchers, upper extremity gait researchers, and rehabilitation
professonds can have tremendous positive impact on people with dissbilities.
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Rebecca Craik, Ph.D., P.T.

The gait literatiure isfiled with rich descriptions of waking performance detailing how waking
differswith age, sex, body weight, etc. An assumption underlying the descriptionsis that
undergtanding “norma” performance will provide afoundation for understanding the walking
drategies adopted in the presence of pathology. A single variable has not been identified that,
like body temperature, servesto screen for the presence of pathology. Instead it is usud to find
gatementsin the literature concluding that a complete evauation of gait requires the collection of
kinematic, kinetic and eectromyographic varigbles.

The gpproaches to research, clinical evaluation and trestment of problems of gait have not
differed ggnificantly from the times of Eberhart, Inman, and Saunders. We have fancier toolsto
measure more and very complex variables, but we still don't know what to measure, how to use
the measurements to guide trestments, or how to treat across a variety of medicad diagnoss.
The relationship between the nervous system, the musculoskeleta system, the environment and
function remains unknown. We have along way to go.

Some suggested needs:

1) Determine what the reference sandard isin gait for persons with an array of functiond
problems. Isthe god of treatment to restore function or to help the person compensate? The
god should influence the sandard by which performance is evauated.

2) Move beyond description of waking ability and identify modifiable factors, i.e., those that
are amenable to trestment.

3) Develop amodd of waking performance that identifies magor determinants of gait.
Intervention will continue based on the untested assumption that there is a rdationship between
some impairment and disability until magjor determinants of recovery are identified.

4) Develop amodd of waking performance that merges neuroscience, biomechanics, and
function.

5) Develop adassfication scheme of walking performance that moves the clinica away from
medica diagnoss and towards a focus on functiond ability. The classification scheme would
lead to criticd paths for sdlective intervention.

6) Determine functiond requirements for walking thet relate impairment, disability and
handicap.

7) Shift attention beyond biomedica factors thet limit recovery of walking ability to include
psychosocid factors.

8) Determine the effectiveness of intervention on reducing the discrepancy between optima and
actua recovery of walking ability.
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DianeL. Damiano, Ph.D., P.T.

Rehabilitation medicine serves to improve the lives of individuas with disabilities, and
asessment tools such as clinicd gait andyss must contribute to this mission if they areto be
successful. While few would argue the value of gait and motion laboratories for the
advancement of biomechanica knowledge of norma and pathologicd movement, the extent of
their clinica gpplicability is ill controversd. Unlike radiographic technologies such as X-ray,
computed tomography, and magnetic resonanceimaging, gait anayss hasfaled to etablish
itsdf as anecessary dinicd service In addition, clinical utilization of gait laboratoriesis limited
not only by philosophica differencesin medical practice, but dso by geographic or financid
inaccess bility.

Sowhy isit that gait analyss hasfailed to attain the mainstream support of the medica
community? Gait andys's has been used extengvey to eva uate the complex multi-joint gait
abnormalitiesin cerebra pasy, but even for this population no documentation exigts establishing
that the use of this assessment leads to improved functionad motor outcomes. Gait andysis can
objectively document motor satusin an ambulatory individua a asingle point in time or
measure very precisdy the change in ambulatory function over time. However, its ultimate
importance rests on whether its use dters trestment decisons in a pogitive direction. Therefore
the centrd issueisthis. Does the addition of gait analysisin the clinical assessment of a
person with a disability contribute substantially to improving treatment outcomes, or
could the same result be achieved in the absence of gait analysis? If gait andydsdoes
indeed improve outcomes, then gait laboratories should become a standard of care for those
with complex waking disorders. This should then spark an increase in the number of
laboratories and their usage, and accessibility should (within a reasonable amount of time) no
longer be anissue. However, if gait anadydsis shown to be a useful evaluative tool but yet does
not gppreciably affect outcomes, surviva asadlinica servicewould be serioudy impaired. We
in this field need to be proactive by conducting or facilitating research that demondrates the
dinical efectiveness of gait andlyssin minimizing dissbility.

A second mgjor issue concerns the vaidity of the two assumptions that are implicit in the use of
gat andydsin rehabilitation medicine. The firgt assumption we make istha waking isan
important skill to these patients and their families. Indeed, one of thefirst questionsthat parents
will ask when informed that their child has cerebrd pdsy is, "Will my child ever wak?' Mos of
the interventions offered throughout childhood, and even extending into adolescence and
adulthood, such as bracing, surgery and physica therapy, are amed at improving or maintaining
thisskill. However, the patients themsa ves must determine the importance of walking in their
daly lives snce dl of these interventions have physicd, emotiond, and financid trade- offs
associated with them. The second assumption is thet gait ability is representative of
performance on other motor tasks. Gait |aboratories have responded to this concern by
expanding their assessments to include different aspects of gait such as gair climbing and fast
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walking, or by adding assessments of energy cost and other functiona and disability
assessments concurrently. As the clinical scope of gait andysis broadens to more
comprehensively assess gross motor performance, the ability of these laboratories to assess
functiona outcomes should smilarly increase.

In conclusion, as gait andysis laboratories have proliferated, so has the scientific body of
knowledge on cerebra palsy as well as other neuromotor and musculoskeleta disorders,
enhancing our understanding of the motor pathology and dtering the types of interventions
prescribed. | am confident that gait anadlysiswill continue to be a va uable assessment and
research tool in rehabilitation medicine, and | hope that future research will provide judtification
for the incorporation of gat analyss as a standard practice for clinica decison makingin
persons with disabilities.

The Future of Gait Analyss Appendix A-22



Howard J. Dananberg, DAM

Gait andysisis abroad topic reflecting many technologies combined to view awide range
human locomotive dysfunctions. In the cost conscience medicd marketplace however, the
goplication of all of these technologies for each case may not be an effective utilization of
sarvices. This pogtion paper describes the use of in-shoe plantar foot pressure analysis during
gait combined with two view-video analyss as a cost effective method of trestment for patients
with chronic posturd pain (CPP) (i.e., lower back pain). While the al encompassing
measurements required for scientific research are a necessity, ardatively smple gait assessment
is highly acceptable for its clinica gpplication in the CPP patient population. An explanation as
to its rational, methods and effectiveness follows.

In normd, bipedal human walking, it is essentid to step up and over the weight bearing limb.
For this to occur, the thigh extends out from under the hip, as the body smultaneoudy advances
forward over the planted foot. The foot, through ahighly complex mechanism, servesasa
functiona pivot or fulcrum point while bearing the full weight. Sagitta plane (forward) maotion of
the body over the foot is thereby permitted and coupled with concurrent saf bracing
mechanisms of not only the foot, but the lower back, head and neck aswell.™? Although taken
for granted, this complex sagittd plane pivot fals far more commonly than previoudy recognized
and can upset the chain of eventsin the entire body asit attempts to pass over it> Dueto its
subtle nature, it has been overlooked as a potentia cause to other CPP entities yet can be
detected using plantar foot pressure sensing technology. Many seemingly unrelated CPP
syndromes resolve when afailure of this sagitta plane motion of the foot jointsis objectively
assessed and treated. |In a paper published in 1990* and subseguently referred to in other
publications,>® 77% of patients having failed multiple prior therapies and considered a medical
endpoint for chronic posturd pain (i.e., lower back pain) demonstrated 50- 100% improvement
at atwo year F/U point when primary sagittal plane motion blockage at the foot was addressed.
Thisis despite the fact that no obvious foot symptoms were evident in any of this patient group.
Theresults of pain reduction are understandable through well established research previoudy
performed within the neuroscience community on the function of pain senang nerves (primary
afferent nociceptors). Their transmissons appear to be modulated (transmission threshold of
pain increases or decreases) based on thelr interrelationship with motion detecting
proprioceptors (A and A mechanoreceptors). Constantly repeated abnorma motion patterns
(typicd of walking) act as arepetitive Srain type injury and sensitize the common

noci ceptive/proprioceptive synaptic Stes (wide dynamic range cells) in the spind cord. Chronic
painis perceived and perpetuated by continued aberrations in subject's gait. Once detected,
this cycle can be broken by a trestment method which can produce norma motion patterns and
can pecificdly rdate to sagittdl plane foot function.  The lasting effect described in the sudy
cited was achieved when patients were evauated via gait andyss using two-view video
examination to verify the effects of custom foot orthotics objectively fabricated usng in-shoe
plantar foot pressure sensing systems. Due to the physics of weight transfer, the appearance of

The Future of Gait Analyss Appendix A-23



the force/time curves caculated by in-shoe plantar foot pressure sensing systems can be used to
determine the effectiveness (or lack thereof) of sagittal plane motion during single support. The
classc, norma double hump curve can depict sequentid sagitta plane pivot when viewed
segmentaly (hed/forefoot). Detection of sagittal plane motion blockage by viewing variaionsin
curve shape is possble (flattening of the central depression, shifting of the higher pesk to the
hed from the forefoot, examining tota hedl contact duration and comparing |eft to right,
dterations of the dopes of the curve within the central depression, etc.) due to falluresin various
foot motions to occur a specific times. A test foot orthotic capable of dtering sagittal plane
motion can therefore be fabricated, then evauated and adjusted repeatedly until the desired
effect isachieved. Thiseffect is confirmed by easily identifiable motion markers usng atwo-
view video system to assess pre-test and post-test orthotic fabrication. These markersinclude
hip extendon during single support, am swing symmetry, direction of hip and knee joint motion
during single vs. double support phase, torso motion, shoulder drops, head tilts and movements.
Dueto the relatively inexpensive nature of inshoe pressure and video systems, this type of
examination can be used in the rehabilitation of lower back and other CPP patientsin any
community based medical setting and can therefore have long-term cost saving benefits.

Recommendations.

1) Egtablish aresearch program which can correlae foot level sagittal plane motion with plantar
foot pressuring sensing andysis.

2) Develop interdisciplinary working groups to facilitate communication channels for the
propagetion of dinicaly reevant information.

3) Bath government and private industry fund interdisciplinary research which can explore cost
effectiveness via outcome based study of inshoe plantar foot pressure sensing andysis combined
with two view video andyss for the evauation and trestment of lower back and other chronic

posturd pain patients.
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Roy Benjamin Dauvis, |11, Ph.D.

Over the past 15 years, clinical gait anadyss has found good utilization in the assessment of
pathologicd gait where motions are often complex and difficult for the fixed observer to fully
gppreciate. The most wide-spread use of clinicd gait andysisis for the evaluaion of persons
with cerebra pasy in treetment planning (predominately orthopaedic surgery associated with
tendon transfer/release, muscle lengthening, derotational osteotomy).™* Other examples of
cinicd pathologies currently served to some degree by gat andys's include amputation,
degenerative joint disease, poliomydlitis, myelomeningocd e, stroke, and traumatic brain injury.
Clinica gat andyssisaso ussful in the documentation of gait-related changes that occur
because of treatment (again predominately associated with surgery). Thisclinica researchis
vitaly important in the enhancement of the knowledge base associated with andlysis, both ona
patient-by-patient basis and aso in studies that examine the functiondity of a particular brace
design.’®

With this basis, how can clinicd gait analyss gpproaches be strengthened further and its use be
expanded with respect to Rehabilitation Medicine?

1. While gait data collection processes have matured over the past decade thereby producing
more accurate and reliable information for interpretation, chalengesremain. Most notably, gait
models based on more relidble joint centering agorithms (particularly for the hip) would improve
further gait andyds results associated with joint kinetic information. Even more importantly, gait
models that either account for or are less susceptible to “skin movement artifact” would
subgtantidly improve the qudity of the data (particularly those data associated with patients with
obesity).

2. Additiond clinical research is needed that documents changes in gait biomechanics associated
with different patient trestment approaches. Thisresearch in particularly important in trestment
dternatives commonly employed in Rehabilitation Medicine, eg., physica therapy, orthotic
management. Asindicated above, this outcome research is essentid for improving our use of
clinicd gat andyss data

3. Formd training in gait andyss techniques and its clinica gpplication must be expanded. In
generd, exposure by physicians and other diniciansto dinicd gait andyss during medica
school and resdenciesislimited. Thisimpedes the incorporation of gait information in the
treatment decison-making process. At the sametime, gait analys's technologies must continue
to drive to improve the ways in which gait information is presented for dlinica interpretation.

4. The expense of gait andyds may be an impediment to itsincreased clinicd utilization in
Rehabilitation Medicine. A typicd charge for afull clinicd gait andyss ranges from
gpproximately $1,000 to $2,500 depending on the facility and the specifics of the service
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provided. Thisamount is consstent with the amount of time thet is dlocated to gait data
collection, processing, interpretation, and report generation. Relaive to the cost of surgica
intervention and in the context of its permanency, the expense of gait analyss gppears generdly
acceptable to both consumers and payors. However, the current cost of gait andysis may
impedeitsusein clinicad decison making associated with generdly less expendve trestment
dternatives such as physica thergpy, the administration of spasmolytic medications (e.g.,
Baclofen), and orthotic use. Consequently, efforts to improve the efficiency of dinica gait
anadys's processes may be warranted, i.e., improving its either perceived or actua cost/benefit
ratio.

REFERENCES

1. PA. Didike, Gait andyssin the trestment of the ambulatory child with cerebra palsy.
Clinical Orthopaedics and Related Research, 1991. 264: p. 5-75

2. JR. Gage, Gait Analysisin Cerebral Palsy, 1991. London, United Kingdom: MacKeith
Press.

3. JPerry, Gait analysis: Normal and Pathological Function. 1992. Thorofare, New Jersey:
Slack, Inc.

4. D.H. Sutherland, JR. Davids, Common gait abnormdlities of the knee in cerebra pasy.
Clinical Orthopaedics, 1993. 288: p. 139-147.

5. S. Ounpuy, et d., An evaludion of the posterior lesf spring orthosis using joint kinematics
and kinetics. Journal of Pediatric Orthopaedics, 1996. 16: p. 378-384.

The Future of Gait Analyss Appendix A-27



Robert C. Dean, Jr.

Gait Andyssis an important tool for fitting/digning lower-limb prostheses. V02 measurements
demondrate that walking power varies condderably as afunction of the qudity of the socket fit,
for both trans-femora (AK) and trans-tibid (BK) amputees, and with the dignment of the
mechanism. It isespecidly important to AK’sthat the geometrica parameters be correctly s4t;
that is, the angles and offsets between: socket axis, knee-rotation axis, shank axis, ankle axes
and foot centerline. Customarily, dignment is based upon visud observation by the prosthetist
of the amputee walking over a short path (usualy 3-5 m), forcing the amputee to turn frequently.
Research shows that at least three strides are necessary to reach steady- Sate o the smulation
of ordinary ambulation is usudly poor. Mot often, there is no smulation of walking on rough
ground, and of the most hazardous for AKs... the excursgon of downramps. Rardly isthe speed
of walking varied. For the BK, running performance isignored.

Research at Sl has demondirated that the use of a specid treadmill which can be pitched up or
down angled I€eft or right with speed variable from 0-10 mph isavery useful, and ardatively
inexpengvetool for prosthess dignment. The addition of aforce plate under the bt and a
belt-tension dynamometer, with V02 instrumentation and intersocket pressure measurements
can yidd acomplete st of vital information about gait, power demand and, eventualy we hope,
adirect measure of the quaity of socket fit and prosthesis dignment. We cdl this gait andyzer
an “Ambulation Smulator.”

The most important characteristic of alower-limb prosthessis the interface between the
amputee' s anatomy and the mechanism i.e., the socket interface. The mgority of amputees
report unsatisfactory, even painfuted with hisher prosthetist and moves, as frequently as
possible, to another prosthetist. Thisis very expensive therapy given that AK prostheses today
inthe U.S. costs AK's $10-20,000 and BK, $6-12,000. One of the principle reasons for the
high cost isthat the prosthetist finds it necessary to produce 2-5 trial sockets before a
“sdtisfactory” fitisachieved. But, that fit is* satisfactory” to only 25% of lower-limb amputees.

CAD-CAM has been gpplied extensvely for manufacturing sockets, but with no better results
than the conventiond art produces. That is, CAD-CAM cannot generate the critica fit between
anatomy and socket. Today, it is only the hands of an experienced prosthetist that can achieve
a“good’ fit and that fit isnot redly “good” with or without CAD-CAM, and even with the
hands of a most accomplished prosthetist.

Our research has now identified the reason for thiswholly unsatisfactory Stuetion. Thet is, the
sump anatomy is constantly changing in volume, for both BK and AK amputees. For example,
active BK's sometimes reguire the donning of one sump sock in the am, with the addition of
four more socks during the day! Persona experience (54 years as an AK) proves that my
stump changes volume diurndly by 60 mL/1500 mL (4%). Testswith SII’s variable-geometry
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socket reved that the AK amputee can sense a volume change of < 1% as “looseness,”
insecurity (especidly for full suction retention) and, with avariation of 1%, the output of unsocia
noises. Thereisno way that even the world' s best prosthetist can fit a tump which varies
diurnaly 4% in volume. The problem is more severe for women with alarge monthly volume
change (5-10%) added on top of the diurnd variation. Smilarly, for kidney dialyss, illnessand
exercise.

Thereis no science of socket fitting today because there is no commercid equipment available
to accommodate the volume fluctuations of the resdua limb. However, variable-geometry
sockets should become ubiquitous for the lower-limb amputee within the next decade.
Likewise, by use of the Ambulation Smulator described above, adata bank of dynamic
pressure distributions during ambulation could become available to guide the progthetist in
designing the socket and testing the quality of fit.

Given the current need and the projection above, the Ambulation Smulator should become a
widdy-used tool for lower-limb prosthetists, and within the next decade. The cost to the
Nation of providing the Ambulation in prosthetic rehabilitation which will obtain.
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Sandra W. Dennis, P.T., MSHCM

The gpplication of computerized gait andysisto the fidd of Rehabilitation Medicine has
undergone dramatic growth and many changes over the past two decades. The use of gait
andysisto asss with surgica decision making has improved surgica outcomes and decreased
hedlth care costs. The growth and expansion of gait andysis laboratories throughout the United
States has created severd issues which need to be addressed if gait andyssisto remain a
viable tool to assist with trestment planning. Severa of the issues that need to be addressed to
advance the fidld of gait andysis are listed below:

1. Steps need to be taken to ensure adequate funding for clinica and research activities
performed in gait andysis [aboratories. If adequate funding is not avalable gat andysis
laboratories will not be able to continue providing services. Steps must be taken to standardize
the services provided by gait laboratories (see number 3), to educate third party payors and
funding agencies asto the vaue of gait analyss, and to work to establish accepted
reimbursement codes for the services provided.

2. Additiona research is needed to document the value of gait andysisin Rehab Medicine.
Improved collaboration among gait |aboratories to participate in multi -center research projects
would produce more meaningful results. Standardization between gait |aboratories and making
public domain research tools more ble would facilitate multi center research. Additiona
research is needed on the vaue of gait andysis from aquality of care and from a cost
containment perspective. The results of previous and future studies should be utilized to educate
physicians, third party payors and potentia patients about the value of gait andysis.

3. Comprehensgive gait andysis needs to become more standardized and a mechanism for
accrediting laboratories needs to be established. Thiswill dlow physicians, hedth care
professonds, third party payors, funding agencies and patients to be educated and will provide
a conggent meaning when the term "gait andyss sudy” isused. Thiswill dso hep to insure the
quality and value of the services provided.

4. The ease and accuracy of data collection needs to be improved. A more accurate way of
measuring the rotationa deformities of the shank needs to be devel oped including amore
accurate way of determining the ankle joint center. The data collection process remains rather
complex and it would be beneficia to continue to seek waysto smplify it. Developing a way
to collect motion data with aless cumbersome marker set would improve accuracy and
decrease the complexity of the data collection process.

5. A way to look at the projected effect of a proposed surgery on the individual's waking
ability needs to continue to be developed. Thiswill provide an additiond tool to assist with
maximizing surgical outcomes.
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These recommendations for advancing the fied of gait andysisare overlgpping and cannot be
addressed inisolation. Accomplishing any one of these recommendations will have a pogtive
impact on severd of the other areas identified. Collaboration among hedth care professonas
working in the various gait |aboratories across the country is the key to successful advancement
of the field. The areasto focus on must be prioritized and we must work together to achieve
success and insure the future of gait analysis into the 21t century.
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John F. Ditunno, Jr., M .D.

The andyds of gait dysfunctions has dways been an integral part of Rehabilitation Medicine.
Recently, the development and refinement of motion andys's systems which provide the ability
to evauate e ectromyographic, kinematic and kinetic aspects of gait has provided dlinicians and
researchers with objective dataregarding gait dysfunctions. However, dthough the avallability
of such sysemsisincreasing, the practical application of their use remainslimited. In order to
increase the effectiveness of this technology in providing patient care and as an outcome tool for
research, the following recommendations are made:

-Deveop easly utilized tools for the andlys's and interpretation of the deta
collected.

-Develop more cost and space-efficient andyss systems.

-Develop guiddines on how to statistically manage the data for research purposes.
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Danie€l J. Driscoll, M.D., Ph.D.

One areathat probably receives insufficient atention in gait andysesis the underlying biologica
bassfor various gait dbnormdities. Ameiorating the abnormdity is certainly important, but
equaly important is understanding what caused it.

| dentifying gene mutations that cause ataxia can lead to better understanding of the biological
bassfor the disturbance of gait. This knowledge can then be used to design rationa therapies.
For certain conditions the responsible mutant gene has been identified (eg., Ataxia
Tdangiectasa and Friedreich Ataxia) or the chromosomd region locdized (e.g., Angeman
syndrome), while for other conditions (e.g., Cerebra Pasy) there are fill many myseriesasto
the etiology.

Recommendations. Encouraging research to identify the biologica bases for various gait
disturbances including the role certain genes play.
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Jack R. Engsberg, Ph.D.

In order to effectively assess the efficacy of agiven trestment it is necessary to have outcome
measures that encompass many domains related to medica rehabilitation. The Nationd Center
for Medica Rehabilitation Research (NCMRR) of the Nationd Ingtitute of Child Hedlth and
Human Development (NICHD) at the National Ingtitutes of Hedlth (NIH) has defined five
domains. 1) Pathophysiology (interruption of or interference with norma physiologicd and
developmenta processes or structures), 2) Impairment (loss or abnormality of cognitive,
emotiond, physiologicd, or anatomical structure or function, including al losses or
abnormdlities, not just those attributable to the initid pathophysology), 3) Functiond Limitation
(redriction or lack of ahility to perform an action in the manner or within the range consistent
with the purpose of an organ or organ system), 4) Disability (ingbility or limitation in performing
tasks, activities, and rolesto levels expected within physical and socia contexts), and 5)
Societd Limitations (regtriction, atributad to socid policy or barriers, which limits fulfillment of
roles or denies access to services and opportunities that are associated with full participation in
society).

Reaults from gait analysis would be one example of an efficacy measure in the Functiond
Limitation domain. While gait isavery important functional measure, at least two limitations
must be recognized with itsuse. Thefirg isthat it only evauates gait and the results may not be
extrgpolated to other important functiond activities. For example, results from a gait andysis do
not measure the ability to trandtion from St to stand or bed to chair. Measures taken from
these or other functiond tasks may be even more relevant than gait since they affect more of the
disabled population than gait. The second limitation is that the results for agait andyss may not
be appropriate for outcome assessment in other domains. For example, during an evauation,
gat andyss may identify that an impairment is present at the ankle. However it cannot assess
the level of impairment Snce during gait the ankle is generdly not move through its greatest
range of motion. In anorma ankle during gait the total excursion is aout 30 degrees, yet over
65 degrees of excursgon is generdly possble. Separate impairment measures quantifying total
ankle range of mation, maximum joint torques, or power adjunct to agait anayss may be more

appropriate.

Gait andysisis one important tool in evauating efficacy in the functiona domain. However, it
should not be consdered the only functiond activity that should be evauated, nor should its
results be used in assessing outcomes in other domains. Additiond testsin the functiona
domain relevant to the population of interest and other efficacy measures specific to their
respective domains should be integrated to produce a comprehensive outcome assessment.

The Future of Gait Analyss Appendix A-34



Alberto Esquenazi, M .D.

Introduction and Overview

Conventiond gait andyss may be thought of as the observation, measurements, quantification
and andysis of physiologica and mechanica walking parametersin order to meke adlinica
decison on how to improve gait. Assuch, modern gait analysis |aboratories have the potentia
to evduate the causes, outline suitable short- and long-term strategies for treatment, and to
gauge progress and measure efficacy of interventions for gait and movement-related
impairments.

Petients who are referred for gait evauation often include those patients with neurologica or
orthopedic condition that affect the motor control system (e.g., brain injury, spind cord injury,
cerebrd pasy, stroke, multiple sclerosis), musculoskeletal actuator systems (e.g., post poalio,
peripherd nerveinjuries as wdl as orthopedic traumalinjuries or joint degeneration and
amputetion). Thistypes of dysfunctions may necessitate one or more of the following modes of
intervention: physica rehabilitation, pharmacology, mechanicd interventions and surgery.
Physicd rehabilitation may include exercises to increase range of motion, strength and/or
coordination nerve and motor point blocks usng phenol and botulinum toxin are common
modes of pharmacologicd intervention to relieve gpadticity or to improve contractures when
combined with other interventions. Common mechanica intervention include using wedges and
liftsin shoes, plinting, bracing, orthotic and prosthetic dignment modifications, aswell as
recommendations for surgery.

In order to make recommendations as noted above, physica data is often collected. The most
common type of such dataisvisud. Visud inspection of gait combined with a physica
examingtion reveals agrest dedl about the waking dysfunction, but generdly may be just the
beginning pint for amore comprehensive insrumented gait evauation. Electromyographic
activity, temporo-spatia footfall parameters, whole body kinematics and kinetics, aswell as
energy consumption (metabolic or mechanical) datamay need to be assessed. Modern gait
laboratories are capable of collecting dl of the above data and sometimes more in an attempt to
understand what factors may be causing a particular dysfunction. Gait andys's technology
alows data collection to be done in ardatively short period of time and with dinicaly useful
accuracy. Equinovarus posture at the ankle foot system may be used as an example. At least
five different muscle groups done or in combination may be contributing to such abnormdl
posture (tibidis anterior, tibidis posterior, extensor halucislongus, gastrocnemius and lack of
peroned activation). Dynamic EMG andyss permits specific muscle identification and
enhances the ability to differentiate between the muscles contributing to ankle deformity alowing
proper correction.
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Gait anadyss has come along way towards achieving the above stated god of obtaining amore
complete understanding of the factors which produce the dysfunction that give rise to observed
gait deviations. However gait analyss has not reached a sate which alows such aclear
undergtanding in dl cases or for different environmenta conditions.

Future Direction of Gait Anayss

It isnot that current analysis methods have been providing spurious measurements. They are
certainly useful and help to drive the clinica decison-making processin alarge number of cases.
However, current methods are only a part of the complete picture. The current analysis
methods may be too narrow or arelooking at only one or afew levels of this complex task.
Traditiond gait analys's has evolved around measuring quantities which can be seen or fet or
measured in a controlled environment laboratory. Probably most sciences begin around
information which is easily obtained - usudly visud examinaion. To thisday, thisis il alarge
and important part of medicine in generd and gait andyssin particular. Evolution has occurred
in making more things “vishle” EMG dectrodes dlow usto see, quite literdly, when muscles
are working properly, out of sequence or when they are not working a al. Motion andyss
systems have made information about the forces and moments across joints fairly readily
avalable. Our scope of vison has expanded over the years. We have advanced from
observing the motions of the body to understanding the forces which give rise to those motions.
Hopefully this has taken us one step closer to the source of the problem and the potentia
solutions.

It is common practice in medicine to search for the causes of a problem and base the solution
around that rather than to merely treat the symptoms. In like fashion to truly understand some
of the more complex problems which confront clinicians in gait andysstoday, it isimportant to
fully understand the source of these problems. An example of such problems may be in the area
of compensation mechanisms employed by patients with gait deficiencies. What givesriseto
these compensation mechanisms? How is one scheme salected over other options that are
potentidly available? What are the criteria employed in choosing the selected response? (eg.,
safety, speed, energy efficiency, etc.). The answer indeed liesin understanding how the brain
processes information and perhaps even more importantly, what information the brain selectsto
make such adecison. The limitations of our current purely physical moddsis a good indicator
that more information and likely information of a different type is needed to fully understand this
problem.

Perhaps we can andyze gait under different environmental conditions, physical demands or
perhaps measure different areas - at the motor control or neural level as opposed to the
currently physically observableltangible level or measuring forces, movements, muscle activities.

Gait/biomechanics stientists have models which are very complex from a purely mechanical
standpoint - and they have not been sufficient to predict how movement patterns occur. This
may be perhaps because the motor control/neurd input levels haven't yet been included in the
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models. Even the“neurd network” models which, despite the eponymous reation to a higher
level of input, have been largely unsophiticated enough to completely and accurately
characterize gait. Thismay be due to the fact that athough they implicitly include physiologica
data from the neurd leve, these data are only by accident or by luck. As scientists, we have
not been able to explicitly include such inputs. But due to the way in which neura networks pair
inputs to outputs, generating maps/links'rel ationships between physologica input and output
datamay have taken preliminary stepsto providing at leest a someleve a“neurd” input. In
any case, the explicit data used in most neural network models has been il of the physicd
nature - such asforces, joint moments, powers, Spatid orientation, joint angles, muscle activity
and the like, and thus they are in reality no more sophigticated in terms of their ability to fully
characterize gait than are the traditional mathematical musculoskeletal modd's of the past.

It is unclear, today, how to incorporate neural input into existing models, or what other
parameters or information we should attempt to record to better understand the very complex
task of walking. Undeniably other steps need to be explored in our search to move the
understanding of gait to the next level. With information that better describes and assess gait we
will be able to develop and apply the best trestment interventions to the benefit of our patients.
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Virginia Graziani, M .D.

The analysis of gait aonormalities has been an important part of Rehabilitation Medicine for
many years. Recently, there has been an increase in the number of clinical gait laboratories as
well as an increase in the literature of the use of these assessmentsin evauation of gait disorders
and interventions. Gait andys's can be useful in planning trestment for individud patients, most
importantly in pre-operdtive evauaions, aswell asin evauating prosthetic and orthotic devices.
These assessments may aso be used to objectively evauate pharmacologica and surgica
interventions that are intended to improve gait in certain patient populaions. However, gait
andysis has not yet gained wide spread use clinicdly. Some of the issues that may contribute to
thisare that diniciansfed that this technology may not be easly accessble to their patients, that
the procedure may be too cumbersome or painful, and that the information obtained may not be
clinicaly interpretable. Asaresearch tool , thereisreluctance to use this technology because of
concerns regarding the andysis and interpretation of the large amount of data generated, as well
asthe time it takes to collect the data

In order to promote the effective use of gait andyssfor clinical and research purposes, working
groups of gait specidists should reach a consensus on severd issues, including:

A minimum data base necessary for andysis. Although dl laboratories should be able to assess
al types of disahilities (i.e., generd |aboratories as opposed to a specific laboratory for
amputees, a specific laboratory for cerebrd pasy), the minimum data base needed for a specific

disability may vary.

-Recommendations regarding the interpretation of the observed abnormalities and the
potential causes of each abnormdlity.

-Guidelines regarding recommendation to be made (and by whom) in reference to
potentid interventions to address the abnormdities demondtrated (i.e., surgery,
injections, ord pharmacological agents, intratheca baclofen, therapy program, orthotics,
efc).

-How to practicaly handle large number of patients or multiple assessments for research
pUrposes.

-How to statigticaly anadyze the data generated for research purposes.
Clear recommendations and guidelines provided by agroup of gait specidists will

further the effective use of gat andyssfor individud patients as well asin outcome andyss of
treatment interventions for specific patient populations.
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Nasreen F. Haideri, M .E., B.S.
Gat AndyssasaClinicd Decisor+Making Tool:

Isgait andyssaussful dinicd decison-making tool? This question arises again and again, but
dill we have little documented proof that gait andysis leads to improved surgicd decison
meaking or trestment intervention. Providing this documentation is a difficult assgnment, in fact
traditiona methods of clinica decison making have never had to be validated as agtringently.
Severa authors have demondrated the accuracy of gait analyss over visua observation which
has helped to vdidate clinica research. Others have utilized gait andlys's to document outcomes
associated with specific trestment regimes. However, few have defined specific functiond
measures to identify and describe particular impairments. More published work in thisarea
would provide clinicians with information necessary to incorporate gait andyd's techniques into
their practice. There are severa hindrances, discussed below, which will require atention in
order to facilitate this type of gpplied gait andysis research and thus promote the expansion of
gat and movement andysisin rehabilitation.

Standardization:

A mgor setback in the development of gait andyssasadlinicd tool isthe lack of
standardization. Some steps towards this have been taken, for example, Winter’s ad hoc
committee which devised stlandards for reporting dectromyographic data and, more recently,
Ounpuu’s compilation of terminology which was present to the AACP& DM Gait Lab
Committee in 1994. Standardization would provide aframework and language to alow the
results of gait anaysisto be taught and transmitted universdly.

Labs which conduct gait and movement analyses should be subject to accreditation or
certification by some standards. Lack of this process has dlowed severd manufacturers of
video capture equipment to advertise inexpensve gait anaysis systems and many facilities which
take sequentia pictures of patients walking to cal themsdves gait labs. It is not necessary to
immediately impose strong criteriato alow facilities to congder themsalves certified, but rather
digtinction should be made between those facilities that actudly generate evauaionswith
treatment recommendations and those that do no more than provide video documentation.

The firgt step in this has been accomplished, we have formed a society, the North American
Society for Clinicd Gat and Movement Andyss. This society should now advance the
development of standardization and accreditation.

Modding:

The development of diagnosis pecific modeswill be required to alow gpplication of movement
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andysis on awider range of pathologies. Our ingtitution sees patients with avariety of
diagnoses characterized by atypica anatomy. Examples of this are patients with clubfoot,
dipped capitd femord epiphyss, amputees, leg length discrepancy, and didocated hips. Most
of the dinicd modds commercidly avalable for gait andysis have incorporated work done on
norma adult anatomy to obtain anatomical references such asrelative joint center locations,
segment mass moments of inertia, and muscle origin and insertion locations. Such parameters
are not currently available for pediatric populations or pathologicd conditions. Clearly, this
introduces error in analyzing patients with such unusua anatomica profiles,

Some research work is being conducted in thisarea. Severa groups have been working on
more extensve models of the foot, and mathematica computations for six degree of freedom
models of joints are available. In the future, using imaging technology to be able to sudy the
underlying pathologica anatomy and implementing thisinto modds of gait andysis would be
beneficid. For example, patients with extreme femora foca deficiency or shortening of the
femur do not have anormd hip joint. In some cases, the hip is fused and the anatomica knee
joint is used to flex and extend the hip joint of aprosthesis. At our indtitution, these patients
often will have CT scans and 3D recongtruction done of their pelvis, hip and knee. This
information has been used to pinpoint the actud joint location which can then be used in a gait
modd. Published research in these areas would be most useful.

Future Directions in Basic Research and Methodol ogy:

We have done much work to facilitate automated collection of kinematic data. Analyss of
movement began with sequentid photography, moved into video, then with computer advances
became more automated, until finaly moving up to the passive |.R. systems commercialy
available. Electric goniometers and active kinematic systems have improved aswel. Asthe
new eraof High Dendty TV and computer animation explodes, there may be much to offer the
field of gait analyss. Perhaps markerless kinematics will become feasible as resolution of video
improves. Advances in imaging techniques combined with increased accuracy of motion data
and computer animation could alow surgeons to better visudize and quantify precise deviations
of apatient from norma. Once the effects of treatment intervention are more thoroughly
quantified, it is possble that clinicians could actudly try out different interventions on modes of
their patients and visualize the probable outcome.

Thereis aways the need for basic research prior to advancing applied research and clinical
work. One area of basic research that isjust beginning to surfacein the clinical domainis
control system theory. Forward solution models used to predict the behavior of biologica
systems will provide a more comprehensive understanding of the CNS, its control mechanisms,
and movement drategies. Thiswill ultimatdy help advance areas such as the design of
prosthetic and orthotic devices. Linear optima control and fuzzy control methodol ogies need to
be investigated to develop a controller which can regulate the movement of the body similarly to
the CNS. More complex atificid intelligence systems are under development which contribute
technology to advance this area tremendoudy.
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Collaborative Research:

The key factor in the transmitta of basic research to the clinical domain is the facilitation of
communication between engineers, doctors, and rehabilitation professords. This
communication is optimized by daily contact which requires that patient care facilities employ
technica staff. Continued support of collaborative research efforts enhances opportunities for
trandferring technology. Communication at scientific meetingsis essentid and should be
promoted whenever possible.
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Howard J. Hillstrom, Ph.D.

It is my contention that the objective role of the foot and ankle in the lower extremity
biomechanics of posture and locomotion has dl but been overlooked. Clearly the 26 bones, 33
joints, and over 100 tendons, ligaments, and muscles of this complex structure can no longer be
regarded as arigid body with asmple hinge across the tranamdleolar axis. Not only isthe
function of the foot and ankle poorly understood in individuas with neuromusculoskdetdl
pathology but in asymptomatic hedthy individuds aswell. The use of redigning consarvative
treatment strategies such as custom molded neutra position foot orthoses hasincreased in the
popularity but the foundationd research is lagging the gpplication. Gait andyssis consdered to
have an important role in exploring etiology detalls, differentia diagnosis, prognosis, and
demondrating treatment effectiveness in patients with foot and ankle pathologies. It is possible
that pathologies up the kinetic chain (i.e,, at the knee, hip, and pelvis) may be reated to aberrant
dignment of the foot and ankle aswell. An outline of the mgor issues is presented.

1 Toinvedtigate the role of foot architecture (i.e., foot type) in lower extremity
biomechanics and pathologies of the feet that effect a patients ability to stand
and wak in acomfortable (i.e,, pain free) and safe (i.e., without faling) manner.
A. Objectively measure the differencesin biomechanica foot function

during upright posture and locomotion of individuas with different foot
types (i.e., pes planus, rectus, pes casus, €ic.).

B. Determine how these different foot types effect the function of the knee,
hip, and pelvis during posture and comfortable cadence locomation.

C. Examine the role of the foat, it’s aberrant dignment, and supporting
devices (i.e, MAFIAS, in shoe foot orthoses, splints, etc.) in geriatric
posturd sability.

D. Determine the effectiveness of foot and ankle, aswell as knee,
redigning devices for the treetment of osteoarthritis (OA).

a. Examinethe clinica outcomes of these concepts gpplied to
other forms of rheumatic disease.

E Develop cost efective dterndives to the custom molded shoe for
minimizing the chances of re-ulcerating as well as preventing the initia
development of plantar ulcersin the diabetic foot.

2. To develop and vaidate quantitative tools to assst in discovering the detailed
function of the foot and ankle.

A. Develop six degree of freedom (DF) hindfoot (i.e., ankle and subtalor
joint complex) kinemétics thet is anatomicaly and hence dinicaly
relevant for describing foot function.

B. Develop sx (DF) based on hindfoot kinetics as well.

C. Extend the Sx DF kinematics and kinetics to the midfoot and forefoot.

D Assess the gatic and dynamic vdidity of plantar pressure platform and
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in shoe plantar pressure measurements.

Egtablish new reliable parameters (i.e., from 3D kinematics, 3D
kinetics, plantar pressures, MRI/CT, accelerometery, etc.), to
objectively define foot and ankle function during posture and
locomoation (e.g., pronation, supination, interna tibia torson, ec.).
Establish normative databases of these parameters and explore the
potentia differences offered by foot types, age and sex.

3. To determine the efficacy and effectiveness for in shoe foot orthosesto assst in
the management and/or prevention of the following clinica concerns.

A.
B.

C.

@m

Hdlux- Abducto Vagus (HAV) - bunion deformity.

Hdlux- Limitus/Rigidus - fird metatarsal phalangeal degenerative joint
disease.

Ogteoarthritis (OA) and rheumatoid arthritis (RA) - foot pain, malignant
and functiond deficits.

Plantar Faciitis’Hedl Spur Syndrome.

Amputation resulting ultimately from Diabetic neuropathy and/or
Charcot arthropathy.

Sgnificant flat foot deformity.

Lower extremity torsond deformities (e.g., foot, maleolar, tibid, and
femord).

4, Determine efficacy and effectiveness for surgica management of the
aforementioned problems in their severe forms (e.g., the Evans cacaned
osteotomy for treating significant flatfoot deformity).

5. Develop improved forward dynamic foot and ankle models for computer based
smulation of hedlthy and pathologica gait.

A.

B.

C.

Utilize a given patients anthropometric values and gait parameters to fit
the modd with their data.

Simulate consarvative treatment of that patient with the computer based
modd.

Make teaching versons of these models avalladle viathe Internet for
genera educationa purposes.
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John P. Holden, Ph.D.

The techniques used in gait analys's provide powerful tools to address many of the areas
recently identified" as needing increased research in rehabilitation medicine: improving functional
mohility; assessng the efficacy and outcomes of medica rehabilitation thergpies and practices,
developing improved ass gtive technology; understanding whole body system responses to
physica impairments and functiona changes; and devel oping more precise methods of
measuring imparments, disabilities, and societd and functiond limitations. Thereisjudtified
optimism about the expanding role that movement andysis can play in rehabilitation medicine,
To advance thisrole most effectively, progressis necessary in severd key aress, induding: basc
research and technologica developments, standardization; clinica research applications; and
education and training. The six criteria suggested fifteen years ago? as necessary for the
usefulness and widespread acceptance of any patient evauation tool remain relevant to
movement andyss today, and they can assst in mativating the formation of current
recommendations. Among the many worthwhile actions that can be taken, the following are
offered for particular consderation by the National Center for Medica Rehabilitation Research
(NCMRR) and other agencies and organizations with an interest in movement analysis and
rehabilitation medicine.

1. Recent advances in ingrumentation and computer technology have greeatly increased the
accuracy and precision of the fundamenta data collected in movement andysis, aswell asthe
gpeed with which these data are processed and transformed into the information used by
clinicians. Surprisingly few studies, however, have examined the effects of measurement errors,
modd assumptions, and data processing methods on the accuracy and precision of the eventua
output variables upon which research conclusions and clinical decisons are based. Asareaullt,
researchers and clinica groups must qudify their conclusions and recommendations due to a
lack of confidencein certain dements of the data. 1t is recommended that NCMRR and other
agencies support research to document the limitations and uncertainties associated with data
acquisition protocols and andlysis techniques, assess their effects on the information made
avaladlefor clinica interpretation, and develop new approaches that enhance the qudity of
movement anayss information with respect to accuracy, precison, and sengtivity.

2. Gait andysisis often used for patient assessment by comparing a patient's gait patterns with
a database from able-bodied subjects, in an attempt to discriminate between "norma” and
abnorma function. The normd limits defined in these databases must be sengitive enough to
identify gait deviations, and to distinguish deviations which are due to primary pathologicd
deviations, secondary compensatory phenomena, or other factors which can affect gait
measures (e.g., age, gender, size, walking speed). The development of large databases from
multiple centersis complicated not only by variability in subject performance, but dso by
variation among laboratories in how data are collected, processed, and reported. Itis
recommended that NCMRR and other organizations support the development of data collection
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and processing standards, detailed databases that account for additiona variables that affect
interpretation, and data scaling techniques and datistical model s that will improve the ability to
accuratdy distinguish norma and abnorma patterns and to discriminate between possible
causes of gait pattern deviations.

3. Movement andys's can provide quantitative measures of numerous parameters that cannot
be assessed by other means, and these data are combined with clinica informationto plan and
evauate rehabilitation interventions. Research is needed, however, to determine which varigbles
are mog important in determining a person's ability to safdy and efficiently execute functiona
tasks. Investigationsin this area should be based on a theoretica framework, or modd, that will
alow the results to be applied to as many activities and Stuations as possible. Itis
recommended that NCMRR support the use of movement andysis techniques for (a) basic
scientific research on the roles of the various systems (e.g., sensory, cognitive, neuromuscular,
musculoskeletd) that affect mohility, (b) multidisciplinary, multivariate research to measure and
explain the relationships among pathologies, imparments, functiond limitations, and disabilities,
and (c) clinicd research to validate current clinica practices, develop new testsfor direct usein
patient care, and test the efficacy of interventions when movement analysisisincluded as part of
the patient assessment and/or trestment plan.

4. Thefull use of movement andyssto help people with locomation disabilities requires the
integration of knowledge and skillsin avariety of areas, including medicine, engineering, and
kinesology. Optimd integration across these disciplines can occur when al of the people
involved in the process have a basc understanding of the capabilities, benefits, and limitations of
movement anadysistechnology. It isimportant that there be adequate opportunities for
interdisciplinary training, aswell asimproved tools for efficient communication of movement
analysis concepts and data. It is recommended that NCMRR and other organizations support
development of new educational opportunities and gpproaches, including computer-based
teaching tools, research training fellowships, ingructiona workshopsin conjunction with mgjor
mesetings or through tele- conferencing, and new course programs that will facilitate
understanding and application of the latest information in movement anaysis.

The widespread acceptance of dinica movement andysisin rehabilitation medicine may require
large-scale controlled clinicd trids to test the efficacy of current techniquesin direct patient
care. At the sametime, efforts must continue in the areas of basic research, technologica
development, and standardization, in order to improve the qudity and versatility of movement
andysis as aresearch and clinica tool. Indeed, advancesin techniques and in our basic
understanding of the rehakilitation process will likely lead to more efficacious application of
movement andysisin the direct clinica care of persons with locomotion disabilities.

1. Research Plan for the National Center for Medical Rehabilitation Research, 1993.
2. Brand RA. & Crowninshidd R.D. Comment on criteriafor patient evauation tools. J.
Biomechanics 14(9):655, 1981.
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Thomas M. Kepple, M .A.

Background:

| have worked for the last 10 years a the Nationd Indtitutes of Hedlth (NIH) Biomechanics
Lab. (The NIH biomechanicslab isapart of the NIH Rehabilitation Medicine Department.)
From my experience a NIH, | firmly bdieve that gait andys's can provide information that can
be extremely vauable to the treatment of the rehabilitation patient. If this Satement istrue, then
why are gait andydslabs rardly found in rendbilitation clinics? The fallure of this potentidly
vauable tool to make asgnificant impact throughout the field of rehabilitation medicine has been
the largest disgppointment in my time a NIH. | believe one reason for the fallure of gait andyds
to make sgnificant rehabilitation impact isthet it is not cost effective to build and saff aclinicd
gat andysislab. For thisreason | have confined my postion paper to asingle issue.

Issue
What can be done so thet gait andlysis can provide dlinicaly important rehabilitation informetion
in acog effective manner?

Recommendations.
1) Bring down the cost of purchasing and maintaining aclinica gait analysis laboratory.

Prices of computers and technology have been dropping steadily over the past 10 years;
however, these price reductions have not been reflected in the cost of the data collection
systems. In addition, most gait analysis syssems il require a least two full-time staff members
for operation, maintenance and andysis of the data. Funding should be provided to ad in the
development of high qudity low cost data collection systems.

2) Improved education for rehabilitation cliniciansin the area of gait andyss.

Although gait andyss provides vauable dinica information, the Sgnificance of the information is
often logt in the trandation between laboratory staff and practicing clinician. Improved

education for the dinician will result in both better use of gait analys's data and Sgnificant savings
due to the reduction of laboratory staffing.

3) Demondrate that gait analys's can produce long-term cost benefits for the Insurance
Industry.

Third party reimbursement isamgor obstacle to the goa of making gait analyss commonplace
in rehabilitation settings. Research must be funded to determine the areas in which gait andys's
can be used to produce long-term savings for insurers.
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Casey Kerrigan, M .D.

Gait laboratory andysis has not yet been recognized by third party payors as an essentid tool in
rehabilitation practice athough thereis greet potentia for gait laboratory andysis to become this.
It is aready recognized for orthopedic surgica planning in patients with cerebra pasy affecting
their gait. For the same reasons tha gait laboratory andysisis useful in surgica planning, it
could dso be extremely useful for routine rehabilitation practice. 1t can be used to evduate from
adynamic perspective which particular muscle group is wesk or overly active or which muscle
tendon group istight. Traditiona static evauation of muscle weakness, spadticity, and tightness
is often not adequate insofar as the findings on static evauation commonly do not correspond to
findings obtained from gait laboratory analyss. This point isimportant snce most of our
rehabilitation interventions are based on accuratdly determining which muscle/tendon groups are
functiondly week, overly active or tight. For instance, strengthening functiond eectricad
dimulation, or bracing are prescribed to improve or subgtitute for strength and stretching,
modadities, or nerve or motor point blocks with locaized medications are prescribed to improve
overactive muscle activity or range of motion. Gait |aboratory andysis thus can be an essentiad
tool in evaluating and providing recommendations for treatment in gait disability secondary not
only to cerebra pasy, but to any upper motor neuron diagnosis.

Gait laboratory andysis could be useful not only for rehabilitation management, but for further
rehabilitation trestment development aswdl. 1t isdifficult to evauate the effect of a particular
rehabilitation intervention if the problem is not adequately assessed at the beginning and
evauated a follow-up. For instance, the effect of afunctiona eectrica stimulation program or
of a particular brace may be impossible to evauate if the underlying weakness is not adequately
assesed. Additiondly, information can be obtained about the mechanism of the eectrica
dimulation program if gait laboratory analysisis used as an evauation tool a follow-up. In
some ingtances, gait laboratory evauation may be the only manner in which to assessan
impairment. For example, individuas with gait disability often have different patterns of muscle
activity which can be assessed only with dynamic dectromyographic evauation. A gait
laboratory evauation may show inappropriate timing of muscle activity which can be trested
with eectromyographic biofeedback. Electromyographic biofeedback as a potentid trestment
isoptimally evaluated using gait laboratory evauations. Essentidly, any trestment which amsto
improve walking through improving strength, range of motion, spadticity, or timing of muscle
activity is best assessed with gait laboratory evaluation. Thus, gait laboratory assessment can be
an important tool in evaluating the effects of current commonly prescribed rehabilitation
interventions as well asin evauating and developing possible new interventions.
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Research Recommendations:

1. There needsto be ademongration of the benefits of gait |aboratory evauation improving
rehabilitation management.

2. It needs to be shown that gait laboratory andysis provides useful clinica information which is
not present per routine clinica evauation, in particular, research demondrating the discrepancy
between datic and dynamic findingsisimportant.

3. Research is needed which devel ops gait laboratory analysis as an evaluation tool to assess
the dynamic relevance of impairments such as strength, spadticity, range of motion, etc.
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David E. Krebs, P.T., Ph.D.

Before computer aided locomotion analysis (CALA) can be accepted as aroutine clinical tool,
severd important problems must be resolved.

Technical. There are no published studies comparing in vivo joints torques and forces from
ingrumented tendons, or joints, collected sSmultaneoudy with “gait lab” estimates of these same
variable. Because power, forces and emg cannot be directly observed, CALA isdtractive asa
means of estimating kinetics. These estimated kinetics, however, may err in magnitude and in
direction; power cdculations derived from them will err aswdl. In contrast, modern kinematic
edimates have greeter vaidity, Snce at least at the gross leve, they have survived repeated
scrutiny by dinicians and engineers. At higher levels of precison, however, the exact joint
center locations, skin movement artifacts and other errors contaminate gait analysis kinematic
data, which in turn aso corrupt kinetic estimates. Appropriate standards of in vivo precison,
accuracy and vaidity of gait lab estimates will permit cliniciansto judge the limits of CALA,
much as clinicians know the resolution and limits of MRI data

Clinical. Most rehab and surgicd interventions are targeted at changing impairments. There
areonly 2 or 3 published articles reaing gait, as afunctiond limitation improvement, to
imparment improvement, and these gait articles used only temporodistance gait measurements.
Establishment of appropriate individua, functional and normative standards must precede the
widespread acceptance of, and reimbursement for, computer aided gait andyss. Most
importantly, large sample intervention outcome studies are needed, to permit scientific
assessment of benefits, and cost- bendfits, of routine CALA. Ending the vicious cyclein which
insurers under-reimburse CALA, therefore no outcomes data are produced, and therefore no
rembursement is offered -- must be atop god.
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Karen Ksiazek, M .D.

Motion analys's has most commonly been utilized kinematically document norma peatterns of
movement and deviations there from in individuds with disabilities. It has attempted to
objectively delineste the differencesinvoked by treatment intervention be it surgica or fine
tuning of assdtive technologicd interfaces yet it has not been able to tell uswhy one form of
intervention works better than another. Thus as an individua assessment tool it is unableto
answer the questions of function. If incorporated with measurements directed toward kinetic
and endurance evauation, it then has the potentia to impact the dynamic picture of function asit
relates to functiond efficiency. The parameters of kinetic assessment and ultimate workload
need to be standardized before adequate vaid intervention can be engendered. If kinetic
gpproaches could be enhanced, then the change in any gait with fatigue may be explored more
intensvely. Resulting torque curve characteristics overtime may then shed light on the prediction
of loads across muscles and the ultimate tolerable work for a given energy expenditure. In
disease dates this may assist treating teams to better design appropriate rehabilitative schedules
and predict functiona cagpacity for trangtion into the community. It could then provide a
physologic judtification for varying the leve of rehabilitative involvement.

Another area of great potentia isin the learning of new motor control patterns those with
acquired or evolving disgbilities. We often find variability in learning curves and acceptance in
new amputees with regards to their prostheses. Some have difficulty incorporating the
proghesisinto their dally activity patterns despite extensve thergpeutic intervention. If the
efficiency and pattern of their motor planning could be assessed, then dterationsin the interface
between user and technology could be more readily directed towards the individuas needs.

Quantification of the extent of deviation from normd patterns of movement in these individuds
beit gaining with a progthesis or utilizing an artificiad implant may then shed ingght into the risk of
developing secondary disahilities such as arthritis and scolioss which may in the long run limit
the potential gains of such prosthetic restoration. As changes may evolve overtime in functiond
ability or strength, motion analysis could potentialy be used to assess these changes and direct
updates in the prosthetic prescription to avert such secondary complications and maintain
function efficently.
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Robert McAnelly, M .D.

PROBLEMS CURRENTLY REHABILITATION
REIMBURSED ISSUES FOR
GAIT ANALYSIS GAIT ANALYSIS
DIAGNOSTIC

Number of Diagnoses

Cerebrd palsy and spina
bifida

CP, spina bifida, spina cord injury,
joint replacemert, stroke,
amputation, brain, injury, etc.

THERAPEUTIC

Number of Interventions

Tendon and osteotomy
procedures

Stretching, strengthening,
neuromuscular facilitation,
coordination and balance training,
orthotics, prosthetics, motor point
blocks, etc.

NUMBERS NEEDED

Number of |aboratories needed

One for every major
metropolitan area

One for every rehabilitation unit

PERSONNEL

Personnel available per laboratory

56

2-3

Level of education of laboratory
personnel

Physica Therapist, MD,
Ph.D. Gait Engineer,

Physicd Therapist, MD

Kinesologist
FUNDING
, : : Hundreds hilled for medical
Funding per subject Thousands billed for . )
: . . consultation and physical therapy
preoperative gait anaysis fime
Financial effect of managed care | Significant More significant

Rehabilitation faces diverse problems. One can classify three ways to solve rehabilitation issues:

Top-down: mgor cerebra palsy laboratories will develop generdized gait andys's programs
thet will be used to andlyze gait problems of multiple diagnoses. These programs will be passed
down to smaller rehabilitation laboratories.
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Bottom-up: individua smdler research |aboratories will develop protocols for each individud
rehabilitation diagnoss. A multiplicity of programswill then dowly disseminate across all
laboratories.

Collaborative: Multi-laboratory studiesinvolving smal and large laboratories to share data and
tackle large problemsin a consstent manner. Collaborative studies are best because it draws
on talent from everywhere, but laboratory standardization is an involved process.

Some solutions will evolve with better technology. Markerless sysemswill amplify data
gathering. Expert sysemswill amplify andyss Egablishing thergpeutic protocols will dlow us
to smplify marker ssts. We il need to prove which diagnoses will benefit from gait andyss.

RECOMMENDATIONS
1. Help develop interlab standardization to encourage collaborative research and rapid
dissamination of programming. This should include standardization of 2-dimensond gait

andyds. Contact gait andys's manufactures to include them in your discussons.

2. Encourage development of movement analys's programs for upper extremity rehabilitation,
back rehabilitation, and wheelchair propulsion.
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Irene McClay, Ph.D., P.T.

Gait andlys's has gained a healthy respect from the research arena. However, there are lill
many medica professonds (and insurance companies) who question the clinica merit of this
tool. Oneargument isthat it does not assist in diagnosing a condition. However, | contend that
we might be able to “diagnoss’ the mechanics related to the condition, such as asymmetry of
joint excurson. Another tenet isthat gait analysisisonly useful if it provides information thet
assigts with dinicad decison making. | bdievethat if we can gainingght into the mechanica
cause of an injury, then we will be better equipped to make clinical decisons regarding optima
trestment interventions.

Therefore, | strongly believe that gait analyss could play astrong role in the clinicd area.
However, we need to address the following issues in order for gait analysis to be accepted asa
clinicd tool.

RECOMMENDATION 1

Establish nor mativethr ee-dimensional biomechanical data for all forms of locomaotion
(i.e,, walking, running, stair ascent/decent) along with the expected variability of each
parameter.

The literature is generdly lacking substantia normative three-dimensiond data of the lower
extremity during various forms of locomation. This makesit particularly difficult to establish the
presence of an abnormdity in one's mechanics. Once these abnormdities are determined,

rel ationships between structure, mechanics and injury can be established.

RECOMMENDATION 2

Establish which gait parameters are most revealing with regardsto under standing a
gait-related injury.

For example, angular velocities may lend more ingght into a gait-related problem than pesk
angular values. Loading rates of ground reaction forces may be more critica than the pesk
vaues. Additiondly, sncejoints move in concert with each other, development of new
parameters describing the interaction between jointsis needed. Focusing on the most critical
parameters will enhance the understanding of injuries and facilitate the development of optimal
treatment interventions. These critica parameters should be ones that are not readily apparent
with visud gait anadydsin order to judtify the need for an ingrumented analyss
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RECOMMENDATION 3
Investigate the effect of alteration of abnormal gait through treatment intervention.

If relationships between mechanics and injury are established, then the effect of dtering those
mechanics can be pursued. These interventions can take on many forms. One area of involves
the active dteration of one's base of gait during running or contracting a muscle sooner during
dair descent. Increasing one' s available range of motion through stretching could aso improve
the manner in which they move. Also, the effect of orthotic intervention on gait mechanics needs
further investigation. There are numerous studies on the effect of foot orthotics on foot and
ankle motion. However, these orthotics are often prescribed for knee pain and their effects at
thisjoint are dill unknown. Thisinformation is helpful, not only to the dinician, but aso to
insurance companies who need objective outcome measures to establish the efficacy of the
trestments for which they are reimbursing.

In summary, | believe the time has come to provide evidence of the merit of gait andyssin the
dinicd arena Its utility in asagting in dinica decisonmaking and determining efficacy of
treatments through outcome measures must be proven. Cogt- benefit analyses must be
performed. These steps are needed before it will become accepted by the medical and the
insurance communities. The working conference on gait isthe first step in this process and |
look forward to the opportunity to participate in thisimportant meeting.
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Ellen H. M€dlis, M .Sc.

My experience in gait andys's sems from my Magter’ straining in Rehabilitation Sciences at
McGill University, where | worked with spina cord injured subjects receiving FES-asssted gait
traning. | have aso worked in the area of ederly gait and am presently involved with spind
cord injured subjects walking with ambulatory assdtive devices. My dffiliation with the
Rehatilitation Inditute and their Gait and Motion Analys's Laboratory puts mein contact with
the dinica setting as well asthe research environment.

| believe that many clinicians presently do not have accessto gait andyds, partly due to the fact
that many of the gait analyses are expendve. | dso believe that many clinicians do not receive
the proper training to interpret the data one would be able to obtain from a proper gait andyss.
The education of cliniciansis an areawhich should be addressed. The proper interpretation of
datais highly important if the use of gait andyssis to be meaningful. Furthermore, | think there
should be normative data to which dow gait patterns (as often seen in rehabilitation candidates)
can be compared. We arein the find stages of preparation of such astudy. | dso fed that the
reporting of gait analyss should be standardized o that clinicians can communicate in the same
language. EMG datafor example is often normaized to pesk EMG, but other timesto average
EMG levd. Theseissues should be addressed if gait analyses in rehabilitation are to be
meeningful.

In order to advance the areatherefore, | would suggest that the following topics be addressed:

1) Thetraining of clinicians a the professond level aswell as the undergraduate and graduate
leve.

2) Theavallability of EMG analyss systems and access to these systems from the clinician’'s
point of view.

3) Generd guiddinesfor the normdization of gait data.

4) Normative data should be collected for comparative speeds for subjects without disabilities.
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Freeman Miller, M .D.

The current definition of the gpplication of gait andyssto dinicd medicine should be clarified by
apogtion statement with respect to what people are doing and what parts of clinica medicine
gat andyssis currently accepted dinicd practice. | think there are specificaly some areas that
arefairly clear, such asin the trestment of cerebrd pasy. There are other areas where there is
come what less experimenta gpplicationsin dinicd medicine. Getting some definition of where
gat andyssisin its current gpplication to clinica medicine would be a useful stlatement for
people planning the formation of laboratories a the leve of hospitas.

There isaneed for research agencies epecidly funding agencies such asthe NIH and private
funding agencies to have a sense of where in the area of development gait andysis [aboratories
currently are. Again, inthisarealit ismy feding that gait anadyss development isfar enough
advanced thet thisisredly in the redlm of the commercial Sate and that commercid companies
should be encouraged to continue this development. Except for some rare exceptions, this
should not be a current area of federally funded research. Also thereis such awide clinica
goplication that gait laboratories should largdly be planned and funded by hospitals and other
care providers as a part of their provisions of clinical services with those services being paid for
by the patient or their third party payers. Thiskind of infrastructure spending | dso do not fed
should be part of federd funding.

There clearly are areas of research which would encourage gait analysis to grow and encourage
itsmore rationd application. Specificdly, | fed that some federd funding directed at
understanding how to use gait analysis for outcome research and funding directed at fostering
communication and developing ways for data sharing so that larger groups of patients can be
identified to evauate outcome research is something that should be encouraged. The
understanding of how technical outcomes as measured by gait andysis are reflected in the
patient’s overall functiona outcome aso needs to be evauated.

We need to define alist of problemsthat are currently addressed by clinical gait laboratoriesin
the area of what is preventing them from functioning best for patients. Some of thesewhich |
have experienced are alack of trained personnd which is especidly true of physicians
undergtanding gait andysis techniques, alack of sandardization in gait andyss and gat andyss
laboratories, fill the continuing struggle to obtain funding from third party payers because they
do not understand the technology, and the reluctance for investment by hospitas and other
clinical care providersinto this technology.

The Future of Gait Analyss Appendix A-56



Don W. Morgan, Ph.D.

A mgor issuein gait andysesin rehabilitation medicine is the use of exercise asatool in the
as=ssment and management of gait-related disordersin children with neuromuscular disease
(NMD). Issues deserving of further atention include the development and refinement of testing
protocols to assess muscle strength and function, quantifying the relationship between changesin
muscle strength and function and gait parameters, and determining the extent to which various
exercise training simuli improve locomotor efficiency and performance.

With respect to exercise testing of children with NMD, variables which have clinicd and
functiona importance include muscle strength and power. Muscle strength is often reduced in
pediatric NMD and may progressively decrease with physica growth. Since certain disease
conditions festure joint contractures and varying rates of strength decrements, modificationsin
muscle strength testing protocols may be required. Levels of muscle endurance, pesk
mechanical power, and total mechanica work are also lower in children with NMD compared
to age-matched controls. Interestingly, few studies have been conducted examining the
association between muscle strength improvements and gait function in the child with NMD.

Ancther physiologica varigble that has clinical relevance for the child with NMD is the energy
cost of locomoation. Limited datain children suggest that the aerobic cost of transport is
subgtantiadly higher in children with cerebra pasy (CP) compared to normals. While the factors
explaining this phenomenon remain obscure, it islikely that specific tempord, kinematic, and
kinetic features of gait may contribute to energy-inefficient locomation. From a practica
gandpoint, awasteful gait pattern may regtrict the functiona and physica capabilities of young
CP children to varying degrees, thus limiting their physica independence and their integration
into school, recregtiond, and family activities.

Based on the aforementioned discusson, a number of future research directions emerge that
would have meaningful implicationsfor dlinicians. Alternative exercise testing protocols for
children may need to be developed to assess leves of muscle strength and locomotor efficiency
in NMD children and of muscle stirength and locomotor efficiency in NMD children and to track
the relationship between changes in these variables and dterationsin gait. The development of
age- gppropriate databases on normal children can also serve as a benchmark in establishing
redigtic gods for locomotor energy demands and gait performance in young CP children and
provide an informed bass for the early evauation and rehabilitation of this cohort. Such an
gpproach might be expected to increase the likelihood of achieving near-normd or satisfactory
levels of functioning in children with CP, while minimizing the long-term physical and economical
consequences associated with this health condition. Lastly, more research is needed to assess
the neuromuscular trainability of the child with NMD. While it has been suggested that exercise
training can enhance motor independence and waking performance in NMD children,
experimental support across awide variety of NMD conditionsis sparse. Along these lines,
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additiona study should be conducted to document the thergpeutic use of strength training and
augmented gait and EMG biofeedback to drive specific features of the gait pattern toward more
optimal conditions. Although speculative, such an approach might improve locomotor efficiency
and reduce the need for surgicd intervention.
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Michael J. Mueller, Ph.D., P.T.

There are many areas where research is needed to improve the effectiveness of Gait Anadysesin
Rehabilitation Medicine. | believe the following recommendations are some of the most
important.

1. Research is needed to deter mine how to use gait analysisto help make clinical
decisons and guide treatment. To achieve thisgoal, we need to understand better the
relationships between measures of impairment, function, and disability asthey rdate to waking.
For example, the traditiond rehabilitation model has assumed that reductionsin muscle strength
and range of mation (ROM) can cause ddficits in walking resulting in reduced mohility in the
patient’s given environment. Trestment is directed at improving the imparments, i.e., increasing
the strength and ROM, to improve the patient’s ability to walk. Research is needed to clarify
these relationships and determine optima methods to improve walking and related disability.

2. Resear ch is needed to under stand Fitness better the strategiesthat patients useto
walk given various musculoskeletal and neurological impairments. Musculoskeleta and
neurologicd impairments can be thought of as various condraints that the patient must work
under. A gresater understanding of optimal strategies for specific imparments would help the
rehabilitation team to treat patients to overcome or compensate for any given imparment.
Treatment may include exercise, gait training, surgery, or adaptive equipment.

In regard to determining these optima “Strategies,” theories from Motor Control and
Biomechanics should be integrated and applied to gait andyssand training. Kinetic gait andysis
variables, such as joint movements and power, should be characterized further in various patient
populations to identify common patterns. The kinetic variables may provide further inaghtsto
the causes of movement patterns and implications for most effective treetment interventions.

3. Research isneeded to identify how technology can benefit gait analysisand
treatment. Further work is needed to clarify how technology, such asimaging (i.e., CT scans),
pressure sensors, finite eement andysis, and gait analyss, can be integrated in the design and
fabrication of orthotic, prosthetic, and other assstive devices to enhance waking.
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Sara Mulroy, Ph.D., P.T.

All aspects of hedlth care are facing asmilar chalenge: to substantiate, using outcomes and cost
data, that the services provided are not only effective but so cost efficient. Rehabilitation
medicine has the additiona handicap of not providing an immediate, life-saving service. The
benefits of rehabilitation therefore, are harder to quantify than those of acute care or emergency
medicine and often are judged to be a luxury.

Gait andysstraditiondly has been labor intensve and expensive. To survivein the current
climate of minimaist hedth care, gait andyss laboratories must identify the information thet they
provide that impacts both cost and patient outcomes. The most common clinica use of a gait
andysislaboratory isapre-aurgicd evaudion. If agat evauation can identify which surgeries
are mogt likely to be successful and which ones are not appropriate, those patients who do have
surgeries should have better outcomes and those who do not should have avoided the

unnecessary medical expenses.

The interpretation of the data and the decision-making process, however, are not standardized
across laboratories. There are two mgor approaches to surgical recommendations based on
gat andysisdaa Both methods use motion analysis data to pinpoint the primary gait
deviations, but one gpproach identifies the muscular causes and contributors with EMG data
(indwelling, fine-wire, eectrodes) and a second approach uses kinetic analys's to document the
net internal moment required to meet the demands at each joint. In the second example EMG
data typically are collected with surface electrodes and are used only as secondary, supporting
information.

A multi-center study is needed to evauate patient outcomes and cost data of post-surgica
patients who had their surgical decision based on fine wire EMG data and those based on joint
kinetics with supporting surface EMG data compared to the outcomes of patients who have
surgery without a pre-operative gait analysis. Laboratories representing both perspectives
should collaborate on the project. A cost-benefit andyss could identify aminima data set
necessary for accurate pre-operative assessment and allow patients and providersto sdlect a
levd of pre-surgica evauation based on the knowledge of predicted outcomes gained with each
additional procedure or piece of information. This study should focus on avariety of patient
populations, both pediatric and adullt.

The second role of gat analyss laboratories in rehabilitation medicine is to provide information
that directs patient treetment and identifies the optimal use of scarce rehabilitation resources.
Thiscan teakethreeforms.  testing of individud patients under severd trestment conditions,
comparing therapeutic approaches for groups of patients using and experimenta design and
identifying gait variables that when measured on an individud predict whether a particular
treatment would be appropriate.
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Gait andysis laboratories dso are uniquely equipped to evauate the biomechanics of functiona
activities other than walking such as whedchair propulsion, transfers and upper extremity
activities of dally living. Documentation of suboptima movement or patterns of muscle use
could extend the scope of gait analysis|aboratories contribution to patient care.

My recommendations to advance the role of gait analyssin rehabilitation medicine are:

1. Conduct amuiti-center study to document cost and post-surgical outcomes with and without
pre-operdive gait andysis for avariety of patient populations.

2. Compare the outcomes of surgeries in which the plan was based primarily on EMG datawith
those based on joint kinetics.

3. Ddlinegte the accuracy and reliability of surface and fine wire EMG in pre-surgica decision
making.

4. Support therapeutic intervention studies designed to identify factors that predict successful
outcomes or which therapeutic approach would be most appropriate.

5. Collaborate with clinicians to investigate pathologica biomechanics in upper-extremity
functions and activities other than ambulation.
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Jennifer Nymark, M.Sc.

Gait and motion andysis facility has the potentid to be a strong evauative tool in dinica
rehabilitation to identify, classfy and monitor outcome of functiond movement limitations due to
avaiety of imparments. However, the gap between academic laboratory research and clinical
practice continuesto exist. Consequently, the Gait and Motion Analyss Laboratory was
developed at our adult rehabilitation center and supported as an integra part of clinica service
to foster evidence-based clinica decison-making in addition to its research mandate. Theteam
iscomprised of physica therapists, rehabilitation engineers, research kinesiologi<, eectronic
and mechanicd technologists and physatrists. All personnel have a proportion of their positions
dedicated to the Laboratory in addition to their other clinica and research activities. Clinica
referras representing awide variety of impairments, diagnoses and age groups are received
from internal Saff and externd dinicians.

Major Issues. The following issues are drawn from our experience and communication
network of peers and are highlighted under 3 main categories: 1) Adminigtrative and Academic
Support 2) Standardization and 3) Quality and Cost of Hedlth Care.

Adminigrative Support

Dedicated physica space and trained human resources are il ararity in dinicd indtitutions. A
comprehengve resource list of dl clinical service laboratories world-wide, within or close to
clinicd sttings, would be of greet benefit for information sharing and added evidence for
continued support from hospitad adminidrators. Forma joint-university appointments and
academic collaborators are essentid to the development of our clinicd facility.

Standards of Proceduresand I nter pretation of Data

More formd training and support is required to sandardize measurement procedures and
interpretation of results particularly inthe areaof 3 D kinematics, kinetics and EMG processing
and quantification. Norma or appropriate data bases are till limited and need to be developed
further in order to assst in our interpretation of data particularly in the older and the subgtantialy
dower walking clients. Laboratory reports need to clearly indicate the specific deficits in order
that meaningful information will answer the questions posed by the referrants.

Quality and Cost of Health Care

Clinicd gait and movement andyses are often time-intensive and require speciaized training of
personnd. The chdlenges to the emerging technologies are to improve the user-friendliness and
turn-around time for datadisplay. Clients, referrants and evauators would al benefit from less
complex systems. At present, it would seem critica to have dl dinica laboratories document
and share findings with their peers on concrete examples of cost-benefit analyses related to the
ddlivery of rehabilitation care.
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SUGGESTED GOALSOF THE CONFERENCE

1) Generate amechanism for aworld-wide network communication of  8) dlinical and
b) research, gait and motion analysis laboratories for sharing and comparing information

2) Obtain agreement on the need and mechanism to initiate Sandardization of evauation
procedures and interpretation of results

3) Gain support on the need for more published investigations on cost- benefit anayses of
clinicd gait and motion analysis service in rehabilitation

4) Profile the need for more formaly recognized post-graduate education programsin thisfied

5) Gain support on the need for the formation of guideinesto assst referrants to gain the most
useful information from areferrd to a gait and motion andysis facility.
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Carol A. Oatis, P.T., Ph.D.

The centrd issue in gait analysis in rehabilitation medicine is the question of clinica relevance,
Aswedl know gait andyssfdl into disrepute in the late seventies because there was little
gpparent clinica benefit from the elaborate anayses performed on patients. While there was
some benefit in Stuations where EMG was used to help guide surgica decisons, most dinicd
decisons were unaffected by the gait anadlyss. Infact, the gait data frequently arrived & the
clinician’s desk weeks after the patient was gone.

Gait data are now more quickly available to the clinician, but | ill believe that we must more
clearly identify the benfits of sophigticated gait andlys's to the patient and dlinician. Will the
assessment provide data otherwise unavailable and, more importantly, will these data affect the
way the patient istrested. The rapidly changing hedth care environment demands that there be
abetter accounting of the gpplication of costly evauations. One of the ways to answer these
questionsisto ask more questions relating gait datato more relevant functiond activities and to
the patient’s sdf percaived function. The ability to wak in awell-lit laboratory may not
corrdlate with an individud’ s bility to walk & home or in the community.

Another rdated issue is the accessihility of gait andysis to the patient population. Clearly the
vast mgority of patients do not have access to sophisticated gait analyss. However one might
ask whether dl patients need this detailed evauation. Asthe question of clinical rlevanceis
better understood, a clearer image of what types of patients will benefit should also emerge.
Classfication of gait disabilities may lead to a better use of gait andyss technology.

In summary, | believe that the primary issues reated to gait andys's and rehabilitation medicine
are those addressing the medica gains and the economic costs of this gpproach for the mgority
of patients.

The Future of Gait Analyss Appendix A-64



Susan Rethlefsen, P.T.

Gait andysis has made great stridesin recent yearsin terms of the equipment and software
used, increases in the types of information which can be obtained (i.e, kinetic data), aswell as
improved education for clinicians interpreting gait andysis data. However, as our skills and
technology have advanced, new problems and issues have arisen. Some of these relate to gait
andysis modds and methodology, others ded with the interpretation of dataaswell as
expanding the gpplication of motion anays's technology.

1. Onetechnicd problem involves the limited gpplicability of some kinematic modelsto
subjects with certain types of bony deformities, such as pelvic obliquity, subluxed or didocated
hips, extreme equinovarus or Plano-vagus deformities at the ankle, aswell astorsond
problemsin the femur or tibia. The models used in data processing software are developed
based on subjects with norma anatomy, and can yied inaccurate information in some types of
patients.

Recommendation: Continue refinementsin existing modeds so that they can be gpplied to
subjects with the above problems.

2. Itisagod of many gait laboratories throughout the country to conduct multi-center research.
Y et inconggtencies exigt in the equipment and methodology (such as marker placement, EMG
normalization techniques and software used to process the data) employed by different
|aboratories, making thisimpossible.

Recommendation: Standardization of procedures and methodology among gait labs, aswell as
dudies to determine ways to improve reliability and validity of data collected both within and
among different |aboratories so that data can be shared.

3. Gait andyssismos often used in pre-surgica planning, and to assess the outcome of
aurgica procedures. Thereisalimited amount of research in the literature regarding the
outcome of other interventions to improve function, such as serid cadting, functiona eectrica
dimulation, strengthening programs, etc. on gait and function. Gait andyssis an excdlent tool
for examining the impact of these aternative treatments.

Recommendation: Research on the outcome of aternative therapeutic trestments on gait and
function.

4. Surgeries done based on gait analysis data lead to amore “norma” looking gait pattern on
the data plots and graphs. However, walking velocity often decreases after surgery, and other
functiona skills sometimes become impaired (such as sitting on the floor, getting up from the
floor, getting in and out of the bath tub). Galit is only one aspect of gross motor function, and
information regarding the effect of surgica intervention on other functiond activities is needed.
Recommendation: Encourage study of gross motor functiond skills (in addition to gait) in
patients before and after trestment intervention.
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Cheryl Riegger-Krugh, ScD, P.T.
Gait andyss adds agreat ded to the evaluation of movement ability for patients with
neuromusculoskeleta dysfunction. Gait andyss includes awide-range of visud of observationd
gait andysisto very indrumented measurement of aperson’sgat. Theterm “dlinica gait
andyss’ has different operationd definitions for different people.
Recommendations of high priority for gait andysis.

1) Claify theterm “dinicd gait andyss”

2) Deveop gat outcome measures that are predictive of future functional mobility
status.

3) Determine the meaningful gait outcomes measures that are able to be identified with
visud gait andyss. These measures may require validation with indrumentation.
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Mary Rodgers, Ph.D., P.T.

A number of issues have prevented the wide-spread acceptance of gait andysisresultsin
Rehabilitation Medicine. The usefulness of gait analys's assessments in trestment planning
and/or trestment implementation is dependent upon having timely and accurate results which are
presented in a summarized and understandable fashion. The technologiesinvolved are rdatively
new and varied, so that research work going into gait isongoing. This presents difficulty with
normeative comparisons because of lack of large data collections and inconsistency of
ingrumentation. Also, the compensations required by some individuals who have pathologies
may dlow afunctiond, dthough not normd, gait. So another issue becomes what the desired
outcomeisfor the wide variety of pathologicd gaits, especidly if “normd” gait is not the target.
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Katherine Rudolph, M.S,, P.T.
Computerized Clinical Movement Andyss Position Statement

Compuiterized movement andysisis currently being used by awide variety of individuas and
indtitutions for anything from research to dinicad decison-making. Some laboratories serve both
functions. In the current hedth care environment, technologies are being developed in order to
provide more gppropriate and effective treetments. Movement analysis laboratories are
growing in numbers and the information they provide can be a vauable complement to other
medica information, however, | fed that as a profession we need to consider the future very
carefully.

One prominent problem that needs to be addressed is that of third party payer reimbursement
of computerized movement andyss. Anyone who has seen a child with cerebrd pasy, who is
unable to walk following many ingppropriate surgeries can attest to the need for gait analysisin
aurgicd planning in individuas with cerébrd pasy. However, many third party payers are
unaware of the efficacy of such testing because the literature is lacking in well-designed studies
which show its benefit. | fed that research funds should be provided to perform prospective
dudiesin thefidd of gait andysisin people with cerebra pasy aswell asthe use of movement
andydsin other populations. Once thisis done, computerized movement andyssin populations
where its value iswell established will be covered by third party payers and movement andyss
laboratories can begin to move into other areas in which its use could be vitd, such as analyss
of movement for trestment planning in physical or occupationd therapy.

Another important agpect of movement anadlyssisthe lack of clearly defined guiddinesfor the
proper use of motion analysstechnology. Laboratories may have different measurement
techniques which provide smilar information, for example, the use of three dimensona
electrogoniometers for recording joint kinematics as opposed to three dimensiona video based
movement analyss sysems. Some of the technology is gppropriate, others may not be. Until
the efficacy of one technique over another, or proof that two techniques are equivdent, is shown
it will be difficult to ask third party payersto reimburse for computerized gait andyss. This
would aso ad in assigning standardized movement analys's codes for reimbursement.

Clinicd movement analysis laboratories are typicdly saffed by individuds from diverse
backgrounds, including medicine, physica thergpy, biomechanics, and engineering. These
individuds are often trained under “experts’ in the field, through on the job training or continuing
education courses. While thistype of training can be very extensve, it is not sandardized in any
way. The multi-disciplinary aspect of thistype of team provides awide-range of input into the
day-to-day functions of the lab. However, because of the diversity of training it is of the utmost
importance that we show the public and third party payers that every lab is qudified to perform
computerized movement andysis. This does not preclude others from performing movement
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andysisfor research purposes, it merely ensures that the public is getting adinicaly useful and
appropriate test.

To further this cause, | fed that aminimum level of competency should be demongtrated,
through licenaing, by dl individuds involved in the analysis of gait data, including thergpids,
physicians and others who would be interpreting motion data. Training should be performed by
laboratories, designated as being training centers. This licensure would ensure that the
personnel are qualified to chose and perform gppropriate tests and that they are qudified to
make appropriate interpretations of the information. | adso fed that each clinicd motion andyss
laboratory should adso be licensed. This licensure would include demonstration of a standard
level of accuracy, reigbility and vaidity with their measurement systems.

Findly, | fed that dthough the issues facing the movement andys's community are numerous
many of them impact each other. | fed that we are dl committed to furthering the advancement
of dlinicad movement andyssand | fed that this working conference has alowed many
individuas, from different disciplines, to define adirection for the near future of this clinicd tool.
| propose that conferences such as this be repeated periodicaly, to set goads and assess the
progress of our misson.
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Lisa M. Schutte, Ph.D.

Magor issues facing the fidd of gait analyssincude ensuring thet the best possible qudity of data
comes out of the dinical gait andysslabs and that the treatment decisions made using the data
have scientific basis whenever possible. The discussions concerning standards and accreditation
darted by groups such as the American Academy of Cerebrd Pasy and Developmentd
Medicine and North American Society of Gat and Clinicad Movement Anadysisare an
important step in addressing both issues. 1n addition, the current accepted practices of clinica
labs can dways be improved upon. Future methodological and technica advances should be
amed specificdly at increasing the rdiability of the data generated by the dinicd labs. For
example, data qudity can be improved by methodologica improvements that decrease the
dependence of data quaity on precise marker placement and technologica advancements that
decrease the encumbrance of patients during data collection may alow the patients walking
pattern in the lab to more closdy match thar functiond abilities in the community.

Ensuring that good clinicd decisons are made based on the gait datais difficult. A greet ded of
information is gathered in atypicd gait anayss. How that information isinterpreted depends
heavily on the experience and intuition of the clinicianslooking at the data. In generd, gait
analys's provides a good assessment of what a particular patient’s gait ooks like and how it
differs from normd but till does not necessarily provide much direct information about why the
gatisabnormd. Answers to questions such as What underlying pathologies are causing the
gait deviations? Which gait deviations are compensatory mechanisms and which are directly
causes by pathology? Are not always obvious. Consder, for example, crouch gait (i.e.,
excessive knee flexion throughout stance) a common gait pathology in children with cerebrd
pasy. Many different factors are thought to contribute to crouch gait (i.e., hamstrings tightness,
hip flexion contractures, wesk ankle plantarflexors, poor baance). Gait andysis not only
provides away to quantify the amount of excess knee flexion but o providesaway to tell if
the hip isflexed, interndly rotated or abducted more than normd, if the pelvisistilted forward
or backwards or if the EMG of any musclesis abnormd. All thisinformation may impact
treatment decisons. However, there remains no consensus on how to distinguish between the
various potentia causes of crouch gait. Additiona research amed at increasing our
understanding of the relationship between specific gait deviations and the causative pathologies
is necessary in order to adequately address such issues. In my opinion this research should be a
combination of well-designed clinical studies and more basic research into the mechanics of
norma and pathologicd gait.

The lack of universal acceptance of gait andysisisamgor factor that prevents people with
locomotion disabilities from accessing gat andyss. Although gait andys's has many srong
advocates and acceptance has increased in recent years, many third party payers and potentia
referring physcians remain skeptical. For gait analysis to be widdy accepted additiond
outcomes based research is needed to establish the utility and religbility of gait analysisin
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identifying when specific pathologies are contributing to a patient’ s gait abnormalities. That is
gudies must demondtrate that for specific groups of patients gait analyss provides ardigble
means to choose between two or more potentia treatments and properly choosing between
these treatment results in improved outcome.

Acceptance of gait andysisisaso limited by the complexity of the information that is collected
inatypicd gat andyssand by the difficulties associated with communicating this complex
information to nonexperts. Technologica advances in telecommunications, computer graphics,
multi-media have great potentid to impact how gait anadyss datais stored, communicated, and
shared, and how individuas are educated about gait. These technologica advances should be
utilized intelligertly by people working in the field of gait andyssto make gait anayss
information more ble.

In summary, my specific recommendeations for the fidd of clinicd gait andyss are to:
1. Continue efforts to establish aformal accreditation process for clinicd labs.

2. Continue to develop more reliable and less cumbersome methodol ogies and tools for
data collection.

3. Conduct both clinical and basic research aimed at increasing our understanding of the
relationship between specific pathologies and observed gait abnormdlities.

4. Conduct clinica, outcomes based research to establish utility of gait andysisin
selecting gppropriate treetment for individua patients.

5. Effectively utilize technologica advances in telecommunication, multi-mecdia,
computer graphics to better communicate information about gait to non-experts.
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Karen Lohmann Siegel, M.A., P.T.
I ssue #1: Identify critical impairments that lead to locomotion disgbility.

Background: Rehabilitation clinicians frequently need to develop trestment plans for
individuas with locomotion disghilities who have numerous physica impairments and functiond
limitations. Asaresult, rehabilitation goas must be prioritized, dong with the treatment
approaches designed to meet those gods. Rehabilitation trestment plans often focus on physicd
imparments, with the hope that minimizing impairments will minimize locomotion disshility.
Prioritization often assigns greater importance to treatments designed to amdiorate the most
severe impairments, but there is no certainty that the grestest impairment is the greatest
contributor to alocomotion disability. A casud reationship between specific physica
impairments and locomotion disabilities has not been well established. If thresholds for levels of
imparment could be identified that predict a greeter likelihood of locomotion disahility, it would
provide clinicians with objective information on which to develop gods with their clients and
prioritize trestment plans. In the case of chronic progressive disorders with increasing severity
and number of impairments over time, these thresholds could help to identify critical periods
when rehabilitation intervention is essentid to maintain ambulation ability.

Recommendation: Research employing gait andyss methodologiesis needed to
identify the critical impairments that are most likely to result in functiond gait limitations (so thet
clinicians can appropriately prioritize rehabilitation treatment plans) and should answer the
following questions:

a) What is the rdaionship between typica physicd impairments, functiond gait
limitations, and locomotion disabilities?

b) Specificdly, what isthe critica location and severity of pain, excurson of each lower
extremity joint, strength of each lower extremity muscle, coordination, proprioception,
metabolic capacity, and other abilities that are needed to prevent functiond gait
limitations and locomotion disability?

| ssue #2: Develop criteriafor ideal compensatory gait patternsfor agiven set of imparments.

Background: Normal gait patterns are the current “gold standard” to judge successin
the rehabilitation of people with locomotion disabilities. However, symptoms of overuse are
common in relatively unimpaired structures that attempt to compensate for impaired structures.
Asaresult, “normd” gait patterns may not be optimd for many individuas with functiond
limitationsin gait. Rehabilitation clinicians need guiddines to determine what is an optimd
compensatory gait pattern for agiven set of impairmentsto assst in god setting with thelr dients
and in developing trestment plans.
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Recommendation: Research employing gait anays's methodologies is needed to
identify the best god of rehakilitation for locomation disabilities by answvering the following
questions:

a) What are the compensatory gait strategies utilized by people with locomotion
disahilities for agiven set of imparments (such as those commonly associated with
amputation, hemiparess, padtic diplegia cerebra palsy, neuropathy associated with a
specific peripherd nerve or spind level, muscle disorders affecting specific muscle
groups, and others)?

b) Do some compensatory Strategies result in better gait function than others (such as
fewer fals, faster walking speed, increased walking endurance, and other measures) for
agiven set of imparments?

) Are some compensatory gait strategies more likely to produce symptoms of overuse
(such as pain, muscle grain, joint ingtability, or other symptoms) than other
compensatory gait Srategies for a given set of imparments?

d) Based on the answers to the above questions, what isthe optima compensatory
drategy in gait for a person with locomotion disability associated with a given set of
imparments?

| ssue #3: Establish how the results of gait analysis can be used to develop rehabilitation
treatment recommendations.

Background: The results of gait andyss have been used to assst in the development of
rehabilitation trestment recommendetions for individuas with locomotion disabilities. The
indicators for various rehabilitation treetment components and the mechanisms by which the
treatment affect gait have not been well documented through research. Asaresult, the
interpretation of gait analys's data and the process by which recommendations are developed is
heavily dependent upon the professiona s performing the gait evauation.

Recommendation: Research is needed to establish the indications for rehabilitation
treatment recommendations from the results of gait analysis based on an individud’ s existing
physica imparments, functiond gait limitations, and locomotion, and locomotion disability by
answering the following questions:

a) Inthe area of exercise:
What are the indications for various types of exercise and for which muscles should they
be prescribed?

b) In the area of gait training:
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What gait devices (if any) should be prescribed and how should they be utilized? What
compensatory gait strategies should be encouraged, and what compensatory strategies
discouraged? What isthe best way to teach an individud to utilize the desired

compensation?

c) In the area of footwear:
What isthe optimal shoe design? What shoe modifications are indicated and how
should they be designed?

d) In the area of orthosi's prescription:

What type of orthosisisindicated (foot, ankle-foot, knee-ankle-foot, etc)? What are
the best characterigtics for the orthosis components (flexible or rigid; articulated or
locked joints, etc.)?

€) In the area of prosthesis prescription:
What are the best characteristics for the prosthesis components (type of foot, type of
kneejoint, dignment, etc.)?

| ssue #4: Document the role of gait analyssin rehabilitation trestment.

Background: Thereis an anecdota case evidence to suggest that the results of a gait
andyd's can be used to guide rehabilitation treatment planning and improve waking ability of
people with locomotion disahilities. However, the contribution of gait andysisto the
rehabilitation process and its potentia benefit has not been systematicaly documented in an
adequate number of research studies.

Recommendation: Controlled randomized research studies are needed to document
the potentia impact of gait andysis on the rehabilitation process of people with locomotion
disabilities to answer the following questions.

a) Do the results and conclusons of gait andys's change rehabilitation trestment plans?

b) Isfunctiond leve at discharge from rehabilitation trestment greeter in individuas who
have undergone gait andysis for the purpose of making rehabilitation trestment
recommendations when those trestment recommendations have been implemented?

C) If rehabilitation treetment plans developed from gait andyss provide individuas with
ahigher functiond leve then rehabilitation without gait anayss, what is the impact of the
higher functiond level on the hedth, productivity, independence, and qudity of life of the
person?
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Lisa Selby-Silverstein, Ph.D., P.T., NCS

Thefollowing are my recommendations with respect to advancing the field of Gait and Motion
Andyssin Rehabilitation Medicine

1) Clinicians need to be educated as to strengths, limitations, and utility of various components
of gait and motion andyss and the variety of populations which might benefit from their utility.

2) Manufacturers need to be held accountable to have their systems attain a particular leve of
performance and they should disclose dl strengths and limitations of their syssemsin aclear
format in the sdles literature.

3) Billing and rembursement needs to be available for subjects with avariety of diagnogtic
codes. Billing should be based on what is done (not just “gait andyss’ but rather 4 channels of
EMG, 2D or 3D motion andyss - possibly by number of frames?) and depth of the andyss.
Payment should be approved or disapproved based on impairment NOT DIAGNOSS. For
example, thistype of analys's should be reimbursable for any patient with a baance, gait, or
movement impairment which needs to be understood, documented or tracked by quantitative
means. Reimbursement should not be just for children with cerebrd pasy before and after
surgery. Perhaps with more detailed understanding and tracking of movement disorders,
recommendations for treatment interventions such as physica therapy or pharmacologica
management could be based on more objective findings. In addition, their efficacy could dso
be monitored.

4) We must assure that standardization does not limit use and/or growth of the fidld of motion
andysis (or rembursement thereof). Use of quantitative measures should be encouraged by all
groups of dinicians tresting movement dysfunction.

5) Any type of dinician licensed to evauate and trest movement dysfunction should be
encouraged and reimbursed for the use of quantitative measuresto assst in thisprocess. This
should include any of the measures used in motion analysis. Collaboration with technicd
personned should be required for laboratory development, up keep, and datainterpretation. In
addition, since | believe that any one clinician will tend to make recommendations biased toward
treatments they know best, teams of clinicians probably would make the best recommendations.
| believe that when clinicians make trestment recommendations, they should only make them
within their licensure pervue and expertise as aneurologist, physatrist, orthopaedist or physica
thergpist. Hence, particular Situations might warrant interpretation and recommendations be
made by teams of clinicians and technica personnel familiar with motion andyssas well as
management options for the pathology of interest. Unlicensed or unregistered technica
personnd should definitdy assst in understanding and interpreting gait data, but should not
make specific trestment recommendations.
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Guy Simoneau, Ph.D., P.T.

My particular interest in gait andysis revolves around its use in the rehabilitation of older
individuas who have ambulation and/or badance disorders. The mgor issue is determining
whether gait analysis can in fact provide objective information, not available through atypica
physicd examination, that would influence the trestment procedures and ultimately the
rehabilitation outcome of these individuals. This evidence (perhaps) with the exception of gait
andydsisin the pediatric population) is currently lacking in the literature.

Recommendations:

1) To develop abody of literature demongtrating the usefulness of gait andysisfor dinicad
decisonr-making in adult patients with orthopedic/balance disorders. For example: produce
controlled studies comparing rehabilitation recommendations made based on the physica
examination aone compared to the trestment recommendations made from the physica
examination supplemented by the biomechanica evaduation. Ultimately, these studies would help
determine whether these differences in recommendations (assuming there would be differences)
actudly have a postive effect in rehabilitation outcome.

2) Based on the above sudies, identify the components of the biomechanicd evduation that are
useful: kinematics, kinetics, GRF, momentum, EMG, etc.

3) Develop consistency across labs for the evauation procedure, the interpretation of data, the
generation of reports and cogt.
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Jean L. Stout, MS, P.T.

The ability to regain or retain walking ability after the onset or diagnosis of a motor impairment is
amgor god of the renabilitation process. In gait andyss we have technology that can describe,
quantify, and advance the understanding of how walking occurs, what happens when walking is
disrupted, and in some cases, what treatment is needed for walking to be restored for optima
function. Clinicdly, gait anays's can provide an objective measure to assst in treatment
planning, and provide and objective measure of the outcome of the trestment and the
rehabilitation process involved in that treetment. And yet, during atime when outcome data and
research is encouraged and sometimes demanded by payors of treatment, the use of gait
andyssisnot congdered a necessity for determination of trestment planning to trestment
success in the improvement of waking.

The issueswhich inhibit the use of gait andydsin rehabilitation medicine as the powerful todl |
believeit is, come from avariety of sources. Theseinclude:

- Lack of access of Patients with Locomotor disabilitiesto Gait Analysis: This occurs by lack of
reimbursement of third party payors who consider gait andysis to be experimenta and by
professona colleagues who treet gait disorders but consider gait andysis to be unnecessary.
Education of both professonds, third party payors and the hedth care consumer fdlsinto this

category.

-An Under developed Potentid of Gait Analysis as a Diagnostic and Prognostic Tool: Lack of
and appropriate neurophysiology ---> engineering interface underlies this problem. Improved
correlations between basic science knowledge of the pathophysiology of the disorders and the
effects on the motor output need to be established. Current engineering modelsfail to
adequately incorporate pathologic neurophysiology. Characteristics of the locomotor disabilities
need to be better understood.

- Limitations Imposed by Current Technology and Instrumentation: Improvements would
enhance the usefulness of gait andyssinformation in rehabilitation therapy programs. Functiona
measures of muscle strength, dynamic balance, and energy sources are examples.

-Lack of Standardization Among Existing Laboratories. When a hedlth care professond
recommends or orders an MRI or adiagnostic EMG and Nerve Conduction studies, results are
typicaly reported in a standardized fashion that is not dependent upon where the study was
conducted. This, unfortunately, is not the casein the area of gait analysis. Standardization of
protocols and output need to be established. Just as MRI scans are read by specidists with
certain qudifications for understanding the output from the study, the field of gait andysisaso
needs to develop qudlification standards for those who interpret data.
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- Lack of Correation of Gait Analyss Information and Current Rehabilitation Procedures: This
broad areaincorporates rehab therapy protocols for treatment, standard diagnostic EMG,
prosthetic designs a various levels of amputation, orthotics, etc.

| bdieve that the NCMRR mode of outcome research can be applied to the area of locomotor
disorders and the enhancement of function through the use of gait andyss. Understanding the

pathophysiology, impairment, functiond limitations, disability, and societd limitations are dl vitd.
Recommendations related to the above problem areas would be as follows (these are not listed

by priority):

1) Promotion of studies to Document the Effectiveness of Gait AndyssasaClinicd
Outcome Tool. These studies should emphesize the corrdation of the results of
functiond activities of locomotion including baance, speed , energy expenditure, etc.

2) Deveop a Stronger Neurophysiology ---> Engineering Interface to understand the
role of neuropathology and/or muscle pathology to the effects on gait and gait analysis
information. This should include but not be limited to areas of pattern recognition,
improved neuropathologica engineering models of gait, defining standard patterns of
pathology for particular disorders, and modelsto restore function in lower motor neuron
injury.

3) Promote research to define the prognostic indicators within gait andysis data for
potentid functiond improvement after surgicd intervention.

4) Promote advancement of current instrumentation to assess more aspects of gait.

5) Develop guiddines or definition of required or desired areas of assessment by clinica
gait anaysisto be asinclusive as possble to dl agpects that define dysfunction.

6) Promote the development of medica education models that incorporate gait andysis
asthe definitive procedure for identification, definition, and trestment planning of all
locomotor impairments. These education models should include hedth care
professionds, third party payors, and health care consumers.

The Future of Gait Analyss Appendix A-78



Duk Hyun Sung, M.D. and Jongmin Lee, M.D.

Firgt of dl, thereis no established standard methodology to run gait analysis system. For
example,

-What isthe normd reference data? (The kinematic data vary greetly according to gait speed)
-Should the severd gait cycles be averaged or not?

-1f saverd cycles should be averaged for the interpretation, How many gait cycles should be
averaged to andyze of patients gait?

-The pogition of passve marker on skin surface can not be put on exactly same Site before and
after the certain treatment in spite of every efforts.

-Isthe data from the one gait andys's syssem comparable to that another gait analyss system?

Because there will be many expertsin gait at the meseting, | want to know the current knowledge
about above severa questionsin the workshop. We should establish the methodology to run
the gait andys's system to make an objective, reproducible data for clinica purpose and
research design.

Secondly, my Lab. does not have abiomedica engineer. (The Nationd Insurance sysem in my
country does not reimburse the high cost of the gait analys's, so we cannot charge the
appropriate price to insurance company or patients).

Thirdly, is there a specific recommendation which can not be made if the gait andyssis not
performed in the management of spadtic patients. The orthopedic surgeon in my inditute uses
the gait analyss data mainly for the evauation of the surgica effect. Heisreuctant to depend
on gat andydsdatain his surgicd planning. In my experience, there are multi-joint problemsin
spadtic patients which can't be evauated exactly in observationd gait andysis and the
orthopedic management is the last procedure when there is no effect in spite of the various norn+
orthopedic procedures on the soft tissue. Thus| have tried to use phenol black or Botox
injection, intrathecal baclofen. So we must develop the treatment Strategy according to the data
of the gait analys's (define characterigtic gait patterns to make a guiddine for trestment
procedure like the nerve block or Botox injection, intratheca baclofen, and surgery. (Adult
cases aswell as children).

Fourthly, dthough the gait analyses have used mainly for the spastic cerebra pasy children, |
think it can be more gpplicable to adult spastic patients or amputee than children. In my
country, the percentage of the geriatric population grows up in contrast to the lowering
percentages of the children, we must gpply thistest to adult geriatric patients and there should
be an advantage in clinica practice or research area.

Fifthly, I do not use much of the gait andysis for the evauation of the L/E orthossand
prosthesis because there is not many cases of amputee in my country compared to the United
States, and a lot of patients refuse to use orthosis. But the gait andlysis can be auseful to
develop or evauate new prosthetic and orthotic designs (for example, the articulated plagtic
AFO, floor reaction AFO are redly superior to the conventiona plastic AFO).
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Susan Sienko Thomas, M .A.

Gait andysis as a patient assessment tool.

Compuiterized gait andysis has been used for many years as a method to document both normal
and pathologicd movement. The necessity for quantitative assessment of pathologicd movement
is the complex three dimensiond interactions between joints and the subsequent response from
the muscles. Visud and clinica assessment done make it difficult to determine the primary and
secondary compensations found in pathologica gait. Therefore, the use of three dimensond gait
andyss provides a mechaniam from which al planes of motion a severd joints can be evauated
smultaneoudy, thus dlowing closer evauation and interpretation of the anorma mation. In
addition, gait anayd's provides the documentation necessary to assess trestment outcome
whether it be surgery, orthotic/prosthetic management or therapy.

The use of gait andys's as a patient assessment toal islimited by the following: the lack of link
segment model standardization and marker placement between different systems and different
laboratories; the lack of an accurate mode which demonstrates the complex motion which
occurs a the foot; the lack of congstency in the processing methods used in data anaysis which
may modify or change the clinicad interpretation; the lack of norma age matched databases
avallable to compare abnormd gait patterns; the lack of trained individuas to perform and
interpret the gait anadlys's assessments; and the exorbitant cost of the gait analysis systems.

Gait andysis could be improved by the development and implementation of a standardized
modd which would be utilized by al motion measurement sysems. The development of this
mode would dictate the processing techniques thus providing abasisfor patient comparison
and data sharing between labs. The use of a standard mode would dso dlow for data sharing
between al systems thus providing a mechanism for which norms from various labs around the
country could be combined for alarge variable age database.

Use of gat anayds assessmentsin treatment planning and/or trestment implementation. The
information gained from the gait analys's can be effectively used in the determination of various
treatment plans. Gait anadlys's can provide a quantitative assessment of the pathologicd gait
pattern compared to normal and/or to their pre-trestment movement pattern. The use of gait
andyss can determine primary  and secondary gait deviations which dlow for trestment options
to be directed toward the primary problems.

The use of gait andysisasatoadl in the treetment planning islimited by: thelack of
gandardization between centersin the interpretation of the data, specificaly in the more
complex areas of moments, and powers, recommendations from the gait analys's appear to be
based more on the experience leve of the physician than solely the information gained from the
gait andyss the poor understanding by clinicians of the relationship between
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electromyographic (EMG) patterns and the pathologica gait pattern; the lack of understanding
by the referring physicians and thergpists of the data and subsequent recommendations resulting
fromthe gat andydss Although gat andysisis extremdy good a providing quantitetive
documentation from which the results from the treatment interaction can be measured, it has not
yet been proven tha the recommendations that result from the use of gait andysis provide
better trestment recommendations than they would have if gait analysis were not used. Gait
andysis has not been shown to reduce the number of surgica interventions and subsequently the
codt of trestment for individuas with movement pathology.

Gait analysis could be improved through continuing education courses at minima  cost provided
to personnel involved in gait andysis to shareidess, discuss interpretation of datain an open,
non-threstening format. Continuing education courses could benefit both physicians directly
involved in the interpretation and physcians referring the patients, aswell asdl individuas
including the engineers and gait lab clinicians. Greater emphasis should be placed on research
amed a determining whether the use of gait andyss influences treetment decisons, improves
the qudity of care and reduces the cost of treatment.

Factors which prevent the people with locomotion disabilities from accessing gait andyss.

Although the availahility of gait andysisisincreasing, gait andyss dill remainsa redricted
resource for many individuas most specifically adults with pathologica  gait. Dueto the
sgnificant amount of research on the benefit of using gait andyss with children with cerebrd
pasy, many of the laboratories are established at pediatric facilities under the direction of
physicianswho are most familiar with pediatric neuromuscular disorders. Thisredtricted useis
only one reason that accessto gait analysisis limited.

Accessto gait anadyss ill remains amgor problem for the following reasons. cost of the
sarvice and subsequent reimbursement for services by the insurance companies, distance
required for travel to the closest |aboratory and lack of knowledge on the part of physicians
and thergpigts that this technology is available and the benefit of the information recaived from
an assessment.

A sgnificant emphasis needs to be placed on educating the insurance companies about the
benefits of gait andyssincluding theincreased understanding of the pathological gait pettern
which will improve treetmert recommendations and possibly the cost of the overdl treatment
plan. Improved advertisng abilities and education of referring physicians and therapists should
be made available in regions which gait andyss sarvices are readily available. A centrd
database should be made available so that should a physician want agait anadysisfor their
patient, they may be able to determine the laboratory which is closest to the patient.
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James C. Wall, Ph.D.

In the report of the NIH Gait Research Workshop, which was published in 1977, many issues
were raised which are il pertinent today. One of these was raised by Dr. Burstein who Stated
that “... right now we have almost no clinically useful diagnostic tools that can be taken
outside of the heavily-financed research laboratory.” If | am reading this comment
correctly, apleais being made for objective gait measurements that can be obtained by
clinicians faced with the day to day task of assessng, treating and monitoring patients with gait
abnormadlities. This Stuaion remains today with the result that the vast mgority of the decisons
about treatment of gait abnormalities are based on subjective assessments. For all the advances
that have been made in measurement of gait and in the number of advanced, well equipped
clinicd gait laboratories that now exigt, there has been afallure on the part of the gait andysis
community to address the needs of the thergpist or clinician thet is daily involved in assessing,
treating and monitoring patients with gait problems. Thisis compounded by the fact that the
majority of thergpists are much less interested in assessment, particularly objective
measurement, than treatment, even though they will agree that trestment decisions must be made
in the light of an assessment and that numerical datawould certainly help. It is quite the paradox
but points out that it is not smply the lack of practical objective measurement systems for them
to use, but that objective gait anadyssisaso not perceived as a priority.

Thetruth isthat there are Smple objective measures which could be used clinicaly, particularly
for obtaining outcome measures. For example, walking speed and stride time could be
measured usng a smple stopwatch and from these stride length could be calculated. So with
minimum equipment the basc tempord/distance parameters could be measured. |If they did
nothing el se they would greetly improve upon what is now being done.

| think thet part of the problem in getting clinicians to use objective gait measurementsis their
lack of knowledge about gait, both norma and pathologica, particularly with respect to the
interpretation of gait data. Perhaps this iswhere we need to start. There then needsto be a
concerted effort to provide them with tools that will aid their subjective assessment by providing
objective measurements. The dinica gait andysis community should be involved in this process
sancethey arein the best position to advise clinicians on these measurements and how and when
they should be used. For example, some guidelines might be provided on the measurements
that should be taken before areferrd is made for amore comprehensive gait analyss. Once
we know which measurements should be made and under what conditions, we should then
develop dlinicdly practicd techniques for their determination.

In the light of these comments | would like to make the following recommendations:
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Recommendation #1.

Deveop educationa materids which will promote an understanding of norma and pathological
gait, with particular emphasis on interpreting the results from gait anayses.

Recommendation #2.
Develop practica objective gait measurement techniques that are vaid and rdiable and which

can be used by diniciansinvolved in assessing, tresting and monitoring patients with gait
problems.
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Kimberly A. Wesdock, P.T.

The mgor issuesin gait andyssin rehabilitation are multi-faceted and relate to evaluation
procedures, interpreting the data, using the data for research purposes, and accessing gait
andyss. Different laboratories across the country use different gait andysis sysemsto evauate
amilar patient problemsin individud ways. That is, everybody is“doing their own thing” and
typicdly hilling for these srvices to third-party payers. All gait laboratories must be held
accountable for their actions, and therefore guiddines and standards must be established. This
standardization procedure has been initiated by the North American Society of Gait and Clinica
Movement Andyss (NASGCMA), but this endeavor isin the early stages. Additiond
groundwork must be laid to assure thet all issues - clinical, research, and accessto care - are
addressed. Specific issues of concern include:

|. Assessment
A. Standardizing Clinical Evaluation procedures, including nomenclature.
B. Standardizing Marker Placements- What isthe reiability within and among laboratories?

C. Standardizing Equipment - Presently, gait |aboratories are using different software and
camerasystems. Are these systems equally accurate and produce comparable data?

D. EMG Andyss Finewirevs. surface - When to use and why?

E. Energy Expenditure: Oxygen Consumptionvs. Mechanicad Energy vs. Physiologic Cost
Index - Are these measures of energy expenditure vaid and religble? How are different
laboratories using this information? Can laboratories use this information in a standardized way?
Which diagnoses can specifically benefit from this evauation (in addition to cereord pasy)?

F. Functional Assessments- Are laboratories usng evauation tools such asthe Gross
Motor Function Measure (GMFM) to correlate functional gross motor skills with gait? Are
laboratories routindy performing motion anadyss during functiona activities other than gait such
as dair-climbing, upper extremity reaching tasks, trunk movements, etc.? (For research or

cinicd use?)
II. Interpretation of the Data

A. Joint Powers - Arelaboratories using this information in a standardized way when
andyzing gait and making trestment recommendations?
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B. Diagnosis-Specific Testing - Do gait |aboratories evauate and interpret the data
differently, for specific diagnoses? What are the inherent physical and functiona problems
specific to each diagnosis that gait andys's can evaduate and longitudindly document? Given the
natural history of progression of individua diagnoses, can gait |aboratories provide useful
information upon which to base trestment decisons? (e.g., cerebrd pasy vs. juvenile arthritis vs.

myelomeningocde vs. dystonia).
C. EMGs- Do gait laboratories interpret EMG findings in a standardized way?

D. Reporting the Data- Standardization of report formats among gait laboratories will assist
in collaborative research endeavors, education and training, and third party reimbursement.

[11. Clinical Recommendations

A. Surgical vs. Non-Surgical Recommendations - Many laboratories are primarily
evauding children pre- and post-op orthopaedic surgery. Other physicians who may benefit
from gait andyssinclude: physatrigs, rheumatologids, neurologidts, etc. How can gait
|aboratories best serve these other specidties as well asindividuas with various movement
disorders?

B. Physical Therapy Recommendations - Multiple physica thergpy recommendations can
be made after gait analysis. With collaborative research efforts, the efficacy of many trestment
techniques can begin to be evduated. However, follow-up gait andyss studies are necessary to
accomplish thisgod, and third party reimbursement is often difficult to obtain, as are physician
referrals for repeet testing.

C. Bracing Decisions - Do gait laboratories make recommendations for orthosesin a
standardized way? What patient populations would benefit from these analyses?

D. Follow-Up - Arerepesat gait anayses routingly performed to document the effects of all
therapeutic interventions (surgica and nonsurgicd) after the initid andyss? Gait [aboratories
need a standardized way of documenting functiona outcomes, such as a national database, so
that information can be used for education and research purposes.

V. Research

A. Accessing Funds - Clinicd |aboratories housed in hospitds that are not university-affiliated
(and do not have Ph.D. personnd on gtaff) often wish to participate in research efforts. These
gait laboratories must be made aware of available research funding for specific projects.

B. Research Design and Priorities - What are the pertinent research questions to answver?
How can laboratories design sudiesto best utilize staff time and effort? How can individud
|aboratories initiate and/or coordinate multi-center collaborative studies? Which diagnoses
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should be targeted?

C. Statistical Analysis - Workshops at nationd gait conferences are imperdive in asssting
new researchersin thefidd to datidticaly andyze gat data

D. Outcomes Database - The establishment of anationd diagnos's- Specific database will
assig dl |aboratories in documenting the natural progression of different disorders aswell as
functiona outcomes. Additionaly, thisinformation will be necessary for third-party payersto
judtify services.

V. Accessing Gait Analysis

A. Barriers- preventing access to gait anadyds include demographics, prohibitive cost, lack of
knowledge by potentid referring sources, and questionable benefits. These barriers must be
investigated and prioritized, and action plansimplemented to reduce or diminate the barriers.

B. AgeDiscrimination - Many gait laboratories (including some “centers of excellence’)
are located within childrens hospitals which often do not serve individuas over the age of 21.
Thisissue must be addressed to improve access to gait andyss centersfor al individuaswith
movement disorders, regardless of age.

C. Funding - should be dlocated to ensure that al U.S. consumers have equal accessto gait
andyss, regardless of demographics and ability to pay. For example, a plan should be
edtablished for individuds in the Midwest gates (many of which do not have laboratories) to
access gait andyss. Even if insurance companies or non-profit organizations agree to pay for
testing, how can assistance be obtained for familiesto travel out-of- state to existing laboratories,
and who asssts with lodging and miscellaneous costs?

Recommendations Needed for Advancement in Gait Analysis

1. Standardization of nomenclature, methodology, equipment, interpretation, and reporting used
in gat andyss

2. The establishment of diagnosis-related guidelines for evauation and testing.

3. The establishment of anational database to document the longitudina progression of
different diagnoses before and after therapeutic intervention.

4. Coallaboration among different laboratories to initiate multi- center studiesinvestigating dinica
questions and documenting functiona outcomes.
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